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ABSTRACT

The Natimal ErergyPlan (NEP)sets as a goal the use of
solarener~yin two and a half millionhomes in 1985. A key
provisionof the NEP (aswell as congressionalalternatives)
providesfor the subsidizationof solarequipment. The ex-
tent to which thesesubsidies(incometax credits)might off-
set the impactof continuedenergyprice controlis examined.

Regicnalprices and availabilityof conventionalenergy
sources{oil,gas, and electricity)were compiledto obtaina
currentand consistentset of energypricesby stateand
energgtype. These pricesare convertedinto equivalentterms
($/10 Btu) which accountfor combustionand heat generation
efficiencies.Projectionsof conventionalfuel priceincreases
(ordecreases)are made underboth theNEP scenarioand a pro-
jectedscenariowhere all ~ellheadprice controlsare removed
on naturalgas and crude oil production.

The economicfeasibility(lifecycle cost basis)of solar
energyfor residentialspaceheatingand domestichot water
is examinedon a state-by-statebasis. Solar systemcosts
are developedfor each stateby fractionof Btu heatingload
provided. The totalnumberof homes,projectedenergy
savings,and sensitivityto heatingloads,alternativeenergy
costsand prices are includedin the analysis.

‘Thiswork was supportedby the Los ,41amosScientificLaboratoryas part of their
RegionalEnergyAssessmentProgramunder contractto the IJ.S.Departmentof
Energy.

~The generalmethodologyfor this studycan be foundin a technicalcompletion
reportentitled,“SolarEnergy: Policyand ~rospects,”preparedby the same
authorsfor NSF - RANN in July 1976and in a studyentitled,“The Economicsof
SolarHome Heating,”preparedfor the JointEconomicCommitteeo+ Congressin
March 1977.
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I. INTRODUCI’IONAM SUMMARY

The NationalEnergyPlan (NE?)proposedin April 1977 sets as a goal the

use of solarenergyin two and a half millionhomesby 1985. This reportex-

aminesthe potentialfor solarapplicationsfor both residentialspaceand dom~.s-

tic hot waterheatingin single-familyresidences. Alternativeenergyprices

for naturalgas, heatingoil, and electricitywere projectedfor the period 1977

to 1985,using the proposedregulatorystructureof the NEP (SectionII). The

cost:of providingsolar,energy+as comparedwith theseconventionalfuelswere

then evaluatedemployinglifecycle costingcriteria(SectionIII). Economic

feasibilitywas examinedon a state-by-state‘Lasisbetween1977 and 1985,with

varyingtime horizonsfor the life cyclecomparisons.The analysisincorporated

“thetwo sets of proposedsolarincentives--
-——

the NEP incometax creditstructure

and the }Iouseversion--as well as a “no-incentive”case. Stateswere identified

wheresolarwas shownto be less expensivethan conventionalfuelson a de-

liver;d$/106Btu basis.

SectionIV takesa state-by-stateprojectionof new housingconstruction

through1985 and examinesthe potentialof solarresidentialspaceheatinggiven

projectedtrendson the availabilityof oil, gas, and electricity.A similar

analysisis also made for domestichot water. Includedin the analysisis tt.e

totalr,umberof potentialinstallationsand associatedenergysavingsfor all

threecases (NEP,House, and no-incentivestructures). The associatedcosts to

the governmentwere computedfor revenueslost throughsolarincometax credits.

The currentsystemof subsidiesfor traditionalenergysources(e.g.,deple-

tionallowances,combinedwith existingprice cent.wls]has a numberof cutcomes

whichecononlistsconsiderhighlyundesirable.These include: 1) relianceon cheap

energyfrom old sourcessuch as naturalgas, which tends to discourr.gethe intro-

ductionof new technologiesthat are inherentlymore expensive,2) distribution

of fuel suppliesto differentregionsof the countryis distorted,and 3) clis-

coveryof domesticfuel sourcesmay be discouragedby price controls. All of

thesefactorsare importantto the futureof solar energy.

t
A more detaileddescriptionof both solarsystemperformancecriteriaand costs
is presentedas part of AIq?endixA.

5
Detailedformulationof the economicfeasibilitycriterionemployedin this
studyis presented‘s AppendixB.



The NEP cloesproposeto continuesome price cuntrols. However,higher energy

priceceilingswould be allowed. This, in turn, wouldhelp the economicfeasi-

bilityof solarenergy. Under the proposedNEP, distributionof fuelsbetween

regionswould alsu be changedbecausefuels likenaturalgas eventuallywould be

sold at the same wellheadprice to all consumers. This would tend to reducere-

gionalbiasesagainstsolar energyon the basis of regionalavailabilityof

traditionalfuels.

The thirdpoint mentionedabove is especiallyimportant. If futuredomestic

-discoveryof oil and naturalgas is unlikely(assumingthnt our reservesare

trulyfacingrapiddepletion),then higherenergypriceswill not help in

augmentingdomesticenergysuppliesbut will increasethe relativeimportanceof

solarenergyand other alternativeenergysources.

The NEP (April1977)does proposethat initiallyin 1?77 a 40% subsidy

throughan incometax creditbe givenfor the first $1000 spent for solar equip-

ment,a 25% subsidyfor the next $6400spent,and no incentivebeyonda total

systemcost cf $7400. Thus, the maximumsubsidywould be $2000 towardssystems

thatcost $7400or more. The incentivesare then removedin steps through1985,

when they are phasedout entirely. o

The W House of Representatives(House)amendedversionof the ;4EPproposes

a differentincentivestructurefor solarsystems. Accordingto this structure,

a 3(I%subsidywould be given to the first$1500 spent for solarequiprrent,a 20%

subsidyfor the next $8S00 spent,and no incentivebeyond a total systemcost of

$10000. The maximumtax creditwould be $2150. The incentiveswould remain

unchangeduntil 1985,when they are eliminated.

Both of theseincentiveprogramsare aimed at solarwater and spaceheatifig--

the two technologiesconsideredin this study.

The followingpointsserve to summarizet~e basic findingsfxom our analy-

sis. Our resultsare, however,basedon economicfeasibility,a necessary,

but not sufficient,conditionfor large-scalemarketpenetration, The major con-

clusionsare:

● The potentialuse of solar in residentialspaceheatingand domestichot
water applicationsis measurablyenhancedby the proposedincentives.

. -Solardomestichot waterheatingappearsfar more promisingip th= ~,ear
term than does solarresidentialspaceheating.

● Solar residentialspaceheatingcosts remainhigherthan conventional
naturalgas and heatingoil prices in both the 20- and 30-yearlife
cycle cost time horizons,even with the inclusionof Incentiil%structures.
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The applicationof solarenergyfor residentialspaceheatingpurposes
is competitivewith the electricresistancealternative.

If the 30-yearlifecyclecostcriteriaare emDloyed;solar resi.clential
spaceheatingdoes appeareconomicallyfeasiblefor all sta:esexcept
thosein the Northwest,Southeast,and South Centralregionsof the
country.

The 10-yearlife cyclecost criteriafor solardomestichot waterappli-
cationprecludeseconomicfeasibilitycomparedwith the naturalgas and
heatingoil alternatives.However,movementto a 2C-yearsystemdoes
allow solar energyto competein some stateswith the naturalgas and
heatingoil alternatives.

Solar domestichot waterheatingappearsvery promisingwhen electricre-
sistanceis the alternative. With a 20-yearsystemand eitherincentive
structure,it is economicallyfeasiblein every state exceptWashington.

Althoughthe House versionof the proposedincentivesoffershighertotal
credits,the NEP versionis more effectivebecauseof the higherdollar
creditin the rangeof most solar systemcosts (optimalsolar fraction).

The cost to the FederalGovernment[throughincometax zredits)per barrel
of oil equivalentsavedwould be in the range of one-halfto three-quarters
the priceof foreignsupplies.

There is littledifferencein the resultswhen proposedNEP regulationof
conventionalfuelswith proposedincentivesis contrastedagainstderegu-
lationwithoutproposedincentives. The numberof statesand potentialhome
installationswith associatedenergysavingsvarieslittlebetweenthe two.

A summaryof the principalresultscan be best made with referenceto Map 1.

Thismap presentsthe regions~. c the UnitedStatesby state where solardomestic

hot water heatingwouldhave the greatestimpactuiiderthe NationalEnergyPlan,

with and withoutthe proposedHouse ve~sionincentivesfor solar energy. Tle

incentivesclearlywill have a dramaticimpactsincewithoutthem only eight

stateswill be perceivedas feasibleby consumersthrough1985. Alternatively,

the additionof the incentiveswould resultin the feasibilityof all of the

southerntier of states,the easternseaboard,and some northcentralstates. To

obtaintheseresults,we a;sumethat consumerscomparipaymentson a 10-year

solardomestichot water systemto the savingsin the cost of heatingwaterwith

electricity.With more than 50% of new homes installingelectricwater heaters,

the tindingthat solar energyis most competitivein this applicationimplies

thatthe solar incentiveswill have a dramaticimpact.



II. CONVENTIONALENERGYPRICES

The economicperformanceof a solar space-or water-heatingsystemmust be

evaluatedin relationto the conventionalheatingsourcesthat wouldbe used

otherwise. The majorityof residentialhomes in the UnitedStates currentlyem-

ploy one or a combinationof the followingthree energytypes: naturalgas,

heatingoil, and electricity.Althoughsome homes use butane,propane,and other

typesof bottledgas, the numbersinvolvedare relativelysmallwhen comparedwith

the totalhousingstock. Hence,they are omittedfrom the analysis.

Regionalvariationsin the prices and availabilityof these conventional

energysourcesmust be known to assessmore accuratelythe nationalpatten of

sciiareconomicfeasibility. Data from the [JnitedStatesBureauof Labor

Statistics(BLS),FederalPowerCommission(FPC),FederalEnergyAdministration

(FEA),AmericanGas Association(AGA), and numerousprivateutilitieswere com-

piled”toobtaina currentand consistentset of pricesby stateand energytype.

Thesepricesare shown in Table I. Regionaldifferencesare highlightedby Naps

2 and 3 for naturalgas and electricity,respectively.Sinceheatingoil prices

vary littleby state,the only differencesthat wouldbc discerniblefrom a map

displayare in Texas,Oklahoma,Louisiana,and Arkansas.

Given this set of 1977energypricesby state,a transformationis necessary

to converttheseprices into equivalentterms. Since the conventionalcommon

denominatoris millionBtu, the pricesare statedas $/106Btu. Furthemorc,

theseequiv:,lentprices are convertedto accountfor combustionand hea,tgenera-

tionefficiencies.Finally,projectedprice increases(or decreases)of heating

oil,naturalgas, and electricityallow analysisof solar energyfeasibility

through19SS.

The descriptionsbelowgive an indicationof the April 1977 NationalEnergy

Planls(NEP)influenceon the price of t]leseenergysources,as comparedwith a

projectedscenariowhere all wellheadprice controlsare removedon natural,gas

and crudeojl production.

1

HeatingClil

Domesticcrudepetroleumproductionis priced accordingto a two-tiersystem

that imposesa ceilingof approximately$5.25/bblfor ~ld oil and $11.2N/bblfor

new oil. Under the NEP, newly discoveredoil would be allowedto rise over three

years to the current1977world oil price of approximately$13.50/bbl,adjusted



for domesticinflationthereafter. Where productionfrom a marginalwell is

shownto be uneconomicat the $5.25/bbiceiling,that well wouldbe eligiblefor

the $11.28/bblprice ceiling. At present,the averagerefineracquisitioncost

of all domesticcrudepetroleumis about $9.50/bbi. With 50% of domestic

dem nd beingmet by OPEC imports,the weightedprice betweendomesticand foreign

oil is figuredto be about $11.75/bbl. Under the April 1977 proposedNational

EnergyPlan, the two-tierpricingsystemwould continue,so that the domestic

weightedaveragepricewould slowlyapproachthe world price as contractsexpired

and were renegotiated.In ~ddition,one might expectthe domesticportionof

totalsupplyto declinein the face of increasedOPEC imports,whichwould also

leadto real price increasesin crudepetroleumand heatingoil.

In a decontrolledsituation,one might expectthe domesticweightedprice of

oil to increaserapidlyto the worldmarketprice. Figure1 showsthe projected

wellheadpricesof crudepetroleumresultingfrom both the NEP and decontrol.

Underthe oil pricingpolicy set forth in the NEP, the averagerefineracquisition

costof domesticcrudewould approachthe OPEC world price as new domesticsources

come i,~toproduction. When adjustedfor imports,the totalweighted~cquisition

cost is higher,reflectingthe mix of higherpriced foreignsourcesof crude

petr~leum. Under a pnlicyof wellheadprice decontrol,Fig. 1 shows the limit-

ing case where all domesticcontractsare immediatelyrenegotiatedto the world

price. Althoughsuch immediateadjustmentwould not be likely,the rate of con-

tractrenegotiationsmight be high mough to push the domesticweightedaverage

wellheadprice to OPEC levelswithina few years.

To arriveat residentialdeliveredcosts of heatingoil, adjustmentfactors

are addedto the projectedwellheadpricesto accountfor refinery,storage,and

distributioncosts. Actualheatingcosts includethe conversionto equivalent

106Btu termsand correctionfor combustionefficiency.

NaturalGas

Naturalgas flowingthroughinterstatepipelines+as been subjectto FPC

regulationsince 1961 in order to protectultimateconsumersfor unjustor in-

appropriateprice increasesimplementedby gas produce~s. Sinct that ~ime,the

FPC has handeddown severaldecisionsthat allow producersto chargehighermaxi-

antmallowablewellheadcontractprices for gas ‘flowingfrom “newer”wells. In

effect,the vintagingsystemnow in forceallowsfor a three-tierpricingsystem,



the particularpricesbeing dependentupon the date at which gas was broughtinto

productionfrom a specificwell.

The originalNEP preparedby the ExecutiveOfficeof the Presidentproposes

a new commodityvaluepricingapproachthat appliesto all new gas whereverit

is used. Underthis prGposal,all new gas sold anywherein the countryfrom new

resemoirs wouldbe subjectto a price limitationat the Btu equivalentof the

averagerefineracquisitionprice (withouttax) of all domesticcnde oil. That

pricewould be approximately$i.75/mcf($10.15/bbl)at the beginningof 1978, and

would approach$2.32/mcf($i30S()/bbl),the averageworld price of oil in 1977

dollars. New gas entitledto this incentiveprice would be limitedto truly new

discoveries. —. -.
In essence,the NEP establishesa fourthtier in the naturalgas pricing

system,but allowsfor the eventualpossibilityof a two-tiers;~stemif all pre-

January1978contractsare renegotiatedat the maximumallowableceilingof

$1.42/mcfplus inflation. Furthermore,“new” intrastategas contractswill be

limitedto a maximumwellheadceilingof $1.75/mcf(allowedto increasein ac-

cordancewith the averagerefineracquisitioncost of domesticoil), which,in

most cases,has the effectof bringinghigherintrastateprices into linewith

lowerinterstateprices,thus eliminatingthe currentdistortionin relative

suppliesdedicatedto the two markets.

What implicationsdoes the NEP have concerningprojectedwellheadprices?

Tne plan guaranteesnaturalgas price certainty,but it doesn’tgi-e an indica-

tion of how the relativequantitiesof the four vintagedgaseswill changeover

time. As oldercontractsexpireor are renegotiated,progressivelylargervolumes

of interstategas will be pricedat the higherceilingof $1.42/mcf. In addition,

the relativepercentageof $1.7S/mcf(o-higher)gas will increaseas trulynew

discoveriesare broughtinto production. The combinedeffectunderthe NEP will

be for the nationalweightedaveragewellheadprice (currentlyequalto $0.56/mcf)

to asymptoticallyapproachthe ceilingset by the Btu equivalentof the average

refineracquisitioncost. The rapidityof this movement,of course,dependsupon

the rate and levelof recontractpricing,currentcontractexpiration,and new

gas production.

Undera scenarioof wellheadprice decontrol,one might expecta more rapid

rate-ofrecontracting,which would bring the price of previouslycontrolledinter-

stategas contractsinto linewith new or existingdecontrolledintrastatecon-

tractprices. Furt.hermorc,the ,~ellheadprice would increaseat an annualrate,
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at leastto a levelset by OPEC (world

equivalentto approximate’y$2.32/mcf.

?hus,we projectaveragewellhead

price of oil) at $13.5G/bbl,which is

gas prices to be $1.56/mcf(1977dollars)

by “198Sunderthe NEP, or alternatively,$2.32/mcfwith total deregulation. Fig-

ure 2 showsthe projectedbehaviorof naturalgas wellheadpricesunder these two

alternatives.Note that with decontrolin 1977,we assumea discreetjump in

weightedwellheadprices due to immediaterecontracting,with annualincreasesup

to the OPEC worldprice equivalent. Adding a residentialadjustmentfactorto

each year~swellheadpriceand correctingfor combustionefficiencyresultsin the

deliveredcost to the consumerin $/106 Btu on a state-by-statebasis.

Electricity

Segmentsof the NEP introducemeasuresto shiftelectricutilitiesaway from

the use of naturalgas and fuel oil boilerstc a more widespreaduse of coal and

alternativeenergysources. This would free substantialquantitiesof the liquid

hydrocarbonsfor higheruse or less substitutableenergyend uses such as resi-

dentialhome heating. Accordingto projectionanalysisby the NEP staff,real

electricitypricesin 1985would increasein certainregions,decreasein other

regions,and remainunchangedelsewhere. In our study,we assumedno annualin-

creasein the realprice of electricitythrough1985.t

Underdecontrol,the price of liquidhydrocarbons

quite rapidly,therebyaffectingutilitycosts. These

passedon to consumersin the form of monthlypurchase

or increasedrates. In this case,we assume that a 2%

price increasewouldprevailthrough1985 and beyond.

of electricityprices,residentialdeliveredcosts are

resistanceheatingand electricheat pumps.q

likelywould increase

increasedcostswouldbe

of energyadjustmentclauses

real rate of electricity

From thesealternativesets

derivedfor both slectric

‘Anunderestimateof electricitypricesin selectareasmay belie the num!]erof
stateswhereeconomicfeasibilitycouldbe shown. However,sensitivityanalyses
of the resultsindicatethat.this may be a real problemonly in a few states.

5
The differencebetweenthese two modes of electricalspaceheatinglies in the
heat generationefficienciesotherwiseknown as Coefficientscf Performance(COP),
We assumeelectricresistanceto have a COP of 1,0,while the COP for heat pumps
variesby state,but fallsin the range 1.25 to 2,25.



LifeCycleVersusCurrentCosts

When consideringan investmentin solarenergyequipment,a homeownermay or

may not have a specificset of expectationsregardingthe futurecosts of conven-

tionalenergysourcesthat would otherwisebe used to heat the livingspace or

domestichot water. If no real price increaseswere expected,the homeownercould

only react to currentpriceswhen evaluatingan investmentin a solar energy sys-

tem. However,if a homeownerdid expectenergypricesto increase,he could

comparethe additionalmortgagecost of the solar systemto an averageof the

seriesof expectedincreasingprices.t This avelageor equivalentannuallife

cycleenergyprice would be higher than the currentcost counterpartand would

encouragethe homeownerto make a more proper economicdecisionwith regardto a

solarsysteminvestment. ~us, our analysisassumesthat the homeownerexpects

furtherincreasesin most energycosts. We use a set of deliveredenergyprices

basedupon annualequivalentlife cycle costs statedin 1977 constantdollars.

Figures3 and 4 show the projectedaveragedeliveredcosts of energy to

usersin New Mexicoand Wisconsinthrough1985 under the April 1977 NEP. These

pricesar ‘ated in constant1977dollars. The annualpricesof naturalgas and

heating~.. ..11 be higherthan those depictedin Figs.3 and 4, sincetheir real

pricesincreaseover time. However,electricresistanceand heat pump pricesre-

main constantunder both currentand annualizedcostingmodes, sinceno real

priceincreasesare assumedfor electricityunder the NEP.

III.

tial

ECONOMICFEASIFLLITY

This sectionexaminesthe economicfeasillilityof solar energyfor resideri-

spaceheatingand domestichot water on a state-by-statebasis. For the

purposesof this study,solarenergyis feasiblewhen ics cost in $/106 Btu is

qual to or less than the cost of providingthe .ame quantityof an alternative

energysource. The pricesof the alternativeenergysourcesare describedin the

previoussection. Performanceanalysisof solar systemsis based upon previous

+
Far a formaltreatmentof the methodologyemployedand derivationof these
equivalentannuallife cycleenergycosts,see AppendixB.



work perfozmedat the Los AlamosScientificLaboratory.t From that work, one

representativecity was selectedfor each state,as shownin Map 4, alongwith

the,associatedheatingdegreedays (DD). Sol;r systemcostswere developedfor

each state in 5% intervalsof tilefractionof Btu heatingloadprovided,ranging

from 20% to 90% for residentialspaceheatingsystemsand from 10% to 95% for_——.
domestichot water systems.. Representativesolar systemcosts by state are listed

in Tables 11 and III for residentialspaceheatingand domestichot water, respec-

tively. Maps 5 and 6 portraysolar systemscost in a comparativemanner.

Ran~esof costs for all statesare shownwith a 50% solar fractionfor residential

spaceheatingand 85% solar fractionfor dcmestichot water. These fractionsdo

not representthe most cost effectiveor optimalsizingfor most states,but serve

ratheras a convenientpoint of comparison.

The economicfeasibilityanalysisusesprices and costsprojectedto 198S

in 1977dollars,and assu-.esa 10- to 20-yearlife for domesticsolarhot water

systemsand a 20- to 30-yearlife for residentialsolar spaceheatingsystems.

Alternativeenergypricesin 1977 dollalswere discussedin the previoussection.

Solarsystemcostsas representedin Tables II and III are assumed,to remaincon-

stantin 1977dollars,i.e.,no real price increaseor decreasein installed

systemprices. Spaceheating loadsfor a new home cmstructed between1977 and

1985will vary by statedependingupon the aver.~~enumberof heatingdegree-days

(DD],as shownon Map 4. For example,a home of 1500 ft2 with a !,eating

“load”of 10 Btu/DD/ft2wouldhave a totalyearlyspaceheatingload of 6SC106

Btu in Albuquerque,
6

New Mexico,and 110=10 Btu in Madison,Wisconsin. Domestic

hot waterheatingloadswill vary by statedependingupon the temperaturedif-

ferentialof the water beforeand afterheating. The differentialhere is

assumedto be a constant60’F for all statesthroughoutthe year, and correcting

for loadpr~file(timeof day needs)resultsin a 20.106Btu yearlyrequirement.~

t
For a fullerdiscussionon the perfom,anceand cost of solarheatingsystems
used in this study,see AppendixA.

5
It is recognizedthat this loadmay somewhatoverstatethe load in southern
climatesand understateloadsin northernclimates. Statedifferentialswill
be used as they becomeavailable :~euse of a 20=106Btu heatingloadhere
shouldnot affectfinalresultsal,dimplicationssignificantly.



Residentialspaceheatingsystemscan be either air or llquid. The liquid

syst-mrwill generallyhave highercosts associatedwith the collectorarea and

lowercollector-independentcosts than a comparable..irsystem.+ This results

in lowertotalcosts for those liquidsystemsprovidingsmall solar fractions.

However,once a thresholdsolar fractionis reached,liquidsystemsbecomemore

expensive. In the analysisreportedhere, that thresholdlevel is between40%

and 60% solar,whichis also the range of optimalsolar fractionfor most states.

IIIus,our use of only air systemsfor the residentialspaceheatingfeasibility

analysishas no appreciableeffectupon study resultsand implications.

The costsof solarenergysystems[bothwith md withoutproposedincen-

tives)are contrastedagainstthe principalene:gyformsused for residential’

spaceheatingand domestichot water: gas, oil, and electricity--bothresistance

and.heatpumps. Propane,butane,and other liquifiedgases are used in only a

smallpercentageof homes in the UnitedStates. In addition,on a Btu equi”~alent

basis,the price of these fuel types is not appreciablygreaterthan i~eatingoil.

Therefore,thesefuelsare excludedfrom this analysis.

In the followingdiscussionof actualresults,severaldifferenttime hori-

zons~.reincludedin the lifecycle computationsof alternativeenergypricesand

solarsystemcosts. For domestichot water comparisons,both a 10- and 20-year

lifeare assumed. The 10-yearfigureis close to conventionalwarrantiescm

domestichot water systems,as well as the traditionalLoan life for this type of

home impro’’ement.The 20-yearfigurerepresentsthe assumedlife expectancyof

domesticsolarhot water systemsused in many othercomparativeanalyses. In

addition,liquidsystemshave been given an expectedlife of not more than 20

yetrsby many investigatorsexamir,illgsolar technologiesfor residentialappli-

cations. For residentialspaceheatingcomparisons,both a 20- and 30-yearlife

are assumed. Liquidsystemsemployedfor spaceheatingpurposeswill likelybe

limitedto the 20-year

the expectedlifetimes

t
Collectorindependent
with liquidsystems.
systemsare $2-3 more

figure. In addition,most studiesin the past have placed

of residentialsolar spaceheatingsystemsaround20

costs for air systemswere almosttwicethose associated
On the,otherhand, collectordepende]ltcosts for liquid
per ft’ of collector.



years. Thereare, however,argumentsdevelopingto place the expectedlifetimes

closerto the 30-yearfigure: two of thesebeing that the mortgagelengthfor

new home loansand present~guaranteesfor newly installedair systemsby several

solarfirmsare 30 years. For both solar systemapplications,a longerassumed

solarlife resultsin a lowersolarcost to the consumerper year in termscf

$/106Btu, thusmakingsolar systemsmore competitive.

Solarsystemcostswill be subjectedto two sets-”fincentives: one being

the initialproposalfromthe April 1977 NationalEnergyPlan,whichwill gen-

erallybe referredto as the NEP incentivestructurein the follow’..lgdiscussion;

the other being the September1977House of RepresentativesBill 8444, which

will be referredto as the House incentivestructure. Nominaldollarvaluesfor

both sets of proposedincentivesfor a representativesolarsystem,both residen-

tial spaceheatingand domestichot water,are given.in Table 11’. Briefly,the

NEP incentivestmcture allowsa 40% incometax credit (incentive/subsidy]to the

first$1000spentfor solarequipment,a 25% incometax creditfor the next $6400

spent,and a maximumcreditof $2000 towardssystemsthatcost $7400or lilore.

lhe incentives(incometax credits)are then removedin

tirelyby 1985. The House incentivestruct:meallowsa

the.fi~st$1500spentfor solar equipment,a 20% credit

and no incentivebeyonda totalsystemcost of $10 000.

steps,phzsingout en-

30% incometax creditto

for the next $8500 spent,

Maximumcredittowards

an individual’sincometax liabilitywould be $2150,with this set of proposedin-

centivescontinuingwithoutreductionsuntil 1985,when they Zre to be eliminated.

As an example~f the impactof the proposedincentiveson solarcosts in

1977,considerAlbuquerque,New Mexico. In this city,basedupon our performance

andlysisand cost assumptions,provisionfor S0% of a new 1500 squarefoot home’s

spaceheatingdemandwould require236 ft2 of low-performancecollectorwith

a totalinstalledprice of $5436. The House versionof the solarincentives

would reducethis cost by $1136,or about 21%. Comparablenum~ersfor the NEP

versionwouldbe $1509 and 28%, respec~ively. To providedomesticsolarhot water

for the samehouseusing a low performancecollector,but with 85% of the load

takenby solar,6S ft2 of collectorwould be neededwith an entiresystem

installationcost ,~f$1314. The House ]ncentivesin this case wouldbe $394 for

a-”30#cost reduction-tothe consumer,as comparedto $479 and 36% with the NEP

incentives. If we use Madison,Wisconsin,as our samplecommunity,costs .~re

$9,432for a S32 ft2 spaceheatingsystemand $1941 for a108 ft2 hot water



‘System

give a

providing50% and 85% of the ioad,respectively. Similarcalculations

House incentiveof $2036 (22%]and $532 (27%),respecti~ely,for space and

hot water systems. The NEP incentiveswould be $2000 (21%)and $538 (28%)for

space and hot waterheating,respectively. In general,the NEP (April1977)pro-

posed incentiveswould resultin somewhathigher tax creditsfor domestichot

water solarapplications,and, for many of the statesin spaceheatingapplica-

tions,somewhatlowertax creditsdue to the reductionin the rate of income

tax credits.

We turn now to a briefdiscussionof the solar feasibilityresults.

ResidentialSpace I-!eating

The costsof solarresidentialspaceheatingsystemswith eitherincentive

structureor eitherassumedlife cycle cost parameter(20 or 30 years)remain

economicallyunfeasiblecomparedwith both naturalgas and heatingoil prices.

Statedanotherway, even with the proposed’incentivestructuresand the longer

30-yearlife,the costsof providingenergy from a solarsystemis higheron a

Btu equivalentbasis than eitherconventionalnaturalgas or heatingoii systems.

However,if electricresistanceis the alternativeenergyform, solar

economicfeasibilitymay be achievedin a number of statesby 1985using either

.the_NEPor the House incentives,and either the 20- or 30-yearlife cyclecost

comparisons.Those statesare displayedin Maps 7 and 8 for the 20- and 30-

year life systems,respectively.In these specificstates,the cost of elec-

tricityper kltih,the iutalheatingload,and the incentivesall combineto work

for economicfeasibility.

men examiningthe feasibilityof solar energycomparedwith electricre-

sistance,the firstcomparisonis under the 20-yearlife cycle costingassump-

tions,as shownin Map 7. Economicfeasibilityis achievedby six statesin the

Midwestand New Englandwith energyprices remainingcontrolledand with no in-

centives. With the House incentives,an additional9 states,for a totalof 15,

portrayfeasibility.Ihe NEP incentivestructureis evenmore effective,with

another5 states(fora totalof 20) reachingparity.

When the economiclife of solar residentialheatingsystemsis increased

from 20 years *Q 30 years,the annualizedcosts of solarenergydrop sufficiently

for additionalstatesto displaye.onornicfeasibilityover electricresistance

heating. Map 8 showsthat an additional9 states (fora total of 15) demonstrate



economicfeasibilityusingno incentivesunder the 30-yearlife cycle cost com-

parison. This increasesby another16 states (for a total of 31) when the House

incentivesare used;and furtherincreasesby 3 states (fora total of 34) under

the NEP incentives. These additionalstatesare generallylocatedin the South-

west, upper RockyMountain,and North Centralregions. In many of the remaining

stateswhere feasibilitycannotbe shown,the incentivesare not quite strong

enoughto forceeconomicparity.

In swmaary,both the NE.Pincentivesand the 30-yearlifecycle coscingen-

hance the economicfeasibilityof solarheatingover electricresistanceheating.

When heat pumps are employed(Maps9 and 10), the $/Btu cost of electricity

dropsenoughthat only in a few northernstatesis economiccompetitiveness

achievedwith eitherset of incentivescm life cyclecost parameters.

Againstthe deregulatedset of alternativeenergypricesdescribedin the

previoussection, solarenergycostswithoutthe proposedincentivesstillremain

abovethe now highernaturalgas and heatingoil prices. Thus, deregulationof

naturalgas and heatingoil pricesdoes not appearto enhancesol?- feasibility.

t!owever,electricityprice increasesunder a deregulationscenariodo resultin

a greaternumberof statesachievingsolareconomicparitywith resistanceheat-

ing fiorboth 20- and 30-yearlife cycle cost comparisonswhen contrastedwith

regulatedenergypriceswith or without.proposedincentives. These resul~sare

displayedin Maps 11 and 12 (20-yearand 30-yearlife cyclecost assumptions,re-

spectively), Employmentof heat pumps redl~cesthe $/Btucost of an equivalent

quantityof energyprovidedby electricityto levelsbelow solareconomicparity

in most states,with now only five Midwestand New Englandstatesshowingsolar

competitivenessby 1985.

DomesticHot Water

Solar applicationsfor domestichot water appearmore promisingbasedupon

the feasibilityanalysis. Economicfeasibilityis achievedfor a numberof
-.

stateswhen solaris contrastedagainstall three alternatives:naturalgas,

heatingoil, and electricity. Gnly electricresistanceis consideredsince heat

pumpswouldnot be employedsolelyfor heatingdomestichot water. Even though

naturalgas and heatingoil pricesremainat levelsnot significantlydifferent

from thoseoi today (1977dollars),the proposedincentivestmctures lowerthe

cost of solarsystemssufficientlyto achieveeconomicfeasibilityin a numberof



stateswhen a 20-yearlife cycle cost comparisonis used (seeMaps 13 and 14).

However,economicfeasibilityis precludedunder the 10-yearlife cycle ccst anal-

ysis, since the solarcost is now higheron a $/106 Btu basis than the n:tural

gas and heatingoil prices.

Solar energydoes exceptionallywell comparedwith an electricresistance

domestichot water system. Under 20-yearlife cycle cost analysis,economic

parityis a realitytoday in all but one state. The exceptionis Washington,

where there is inexpensivehydroelectricpower in co~,hinationwith a cloudy site.

The fractionof the domestichot water load suppliedby solarenergyis between

70% and 90% in all statesexceptOregon (65%). When iO-yearlife costinggoverns

the analysis,the numberof statesis reducedsignificantlyundereitherincen-

tive structure. Domesticsolarhot water systemsfall from parityin much of

the Northwest,upperRockyMountain,CentralPlains,and NorthCentralregions.

These resultsare portrayedin Maps 15 and 16 for the 10- and 20-yearlife

cyclecost assumptions,respectil~ely.

Clearly,the patterndiscussedearlierin comparingsolar and ~lectricspace

heatingis beingrepeatedfor hot water heating. The incentivesinc:easethe

feasibilityof solarenergy,with the NEP set beingmost effective. Likewise,

the longerlifecyclecost parameter(2o-versus 10-yearlife)increasesits

feasibility.Underthe 20-yearlifetime,both incentivestructuresgive rise to

an additional13 statescomparedwith the “no incentives”computations. Under

the 10-yeartimehorizon,the differenceis 18 and 26 statesfor the House and

NEP incentivestmctures, respectively. For both the 10- and 20-yearlifetimes,

the patternis generallythe same when incentivesare considered: movementsare

northerlyfrom the high solar insolationregionsand outwardfrom the high alter-

nativeenergyprice areas.

If collectorindependentcosts are doubledfor solardomestichot water

systemsand collectordependentcosts are raised a couple of dollarsper ft2 of

installedarea from those assumedabove,total systemcosts for a given solar

fraction(say85%) are increasedbetween35% and 45% in almostevery state. When

the economicfeasibilityanalysisemploysthesehigher total systemscosts with

eitherset of proposedincentives,very littledifferenceis found in the total

numberof statesach~.evingeconomicparityagainstthe naturalgas, heatingoil,

a~d electricresistancealternatives.Thus, with solar domestichot water in-

stallationsbeingpricedmeasurablyhigher thanportrayedin Table III and Map 6,



and assuminga 20-yearlifetime,economicfeasibilityis stilldemonstratedfor

most of the countryas comparedwit!~electricresistance,for the southernand

easternseaboardstatesas comparedwith naturalgas, and for the westernand

uppereasternseaboardstatesas comparedwith heatingoil.

Even with the highernaturalgas and heatingoil pricesresultingfrom

deregulation.solarenergycostsusing eitherset of the proposedincentivesre-

main above “..esealternativepricesin all but a few states (Southwestand North-

east). However,electricityprice increasesagail!resultin solareconomic

feasibilitytoday in all but the State of Washingtonunder 20-yearlifecycle

costing. The 10-yearlifecycle cost analysisdrops the numberof statesdis-

playingeconomicfeasibilitycomparedwith electricresistanceto 28. This is

not significantlydifferentfrom the resultsof using t},eincentives(Map 15).

‘he fractionof hot water heatingload suppliedby solar energyis between60%

and 90% in all states.

SensitivityAnalysis

Solar feasibilityby state,year, and fractionis sensitiveto the specific

parametersused in the analysis. Residentialsolar spaceheatingdoesn?tcompete

with naturalgas or heatingoil under eitherthe proposedincentivestructures

or a deregulationscenario. The feasibilityof solar spaceheatingcompared

with electricresistanceheatingis considerablyincreasedwhen the systemlife

is extendedfrom 20 to 30 years. The annualpaymentnecessaryto financea 30-

year systemis 25% lowerthan the paynentassociatedwith a 20-yearloan. This

25$ marginis substantialenoughto make solar spaceheatingfeasiblein the East,

NorthCentral,NorthernRockyNountain,and Southwestregions,althoughfeas~.

bilitywith a 20-yearsystemlife was not attainedin these areas. For compari-

son, consultMap 8 for a 30-yearsystemlife and Map 7 for a 20-yearsystemlife,

both based upon NEP energyprice patterns.

An oppositeeffectoccurs if capitalrecoveryfactors+are based upon a

4$ real (inflationfree)rate of Lnterest.versusthe 2.S% rate used as the

+
Simplystated,a capitalrecoveryfactorallowsone to tran ‘orma loan into
yearlypaymentsat a given interestrate and lengthof time such that at the end
of the periodthe loan is completelypaid off, The capl:alrecoveryfactortool
is employedas part of our overallmethodologyin the economicfeasibility
analysis. For a more preciseformulation,see .lppendixB.



.

standardin this analysis. Thus, assuming6% inflation,a 10% (4% real plus 6%

inflation)’nominalloan for 30 years gives an almost identicalannualpaynentas

an 8.5% (2.5%real plus 6% inflation)nominal loan for 20 years. This is due

to the asymmetricinfluencesexertedby system life on the one hand and loan

financerateson the other.

Otherparametersvariedin the analysiswere the specificarea-dependentand

-independentcosts of solar residentialspaceheatingsystems. Ve allowedthese

coststo declineat a rate of 6% per yea:.’,which is the same as assumingthat the

solartax creditincentives[bothNEP and House) remainedconstantin real 1977

termsthrough‘198S,givena 6% annualrate of inflation. In SenateBill 1472,

a bill to implementthe taxationaspectsl~fthe NationalEnergyPlan of April

1977,the incentivesare statedas allowabletax creditson fractionscf Cnlar

systemscost to a maximumof $2000. These fractionalincrementsdeclinein a

stepwisemannerthrough1984,at which point they are entirelyeliminated. If

inflationcontinuesat a 6% annualrate, then the incrementalfractionsactually

declineat a rate fasterthan that statedin the bill. For the incentivesto re-

main constantbetwe~.11977 and 1985,one of two thingsmust happen: 1) the

annualrate of inflationmust equal zero per cent with no real decreasein solar

systemprices,or 2) the annualreal rate of decreasein solar systemcosts ill

generalequals‘he annualrate of inflation. Most people in the solar industry

do not foreseereal cost declineson the order of 6% per year. However,recent

experiencemight supportthe expectationof a continued6% annualrate of infla-

tion. A similarreasonsupportsthe conversionof proposedincometax credit:;in

the newerHouse versionof solar incentivesto real terms in our prt?ccding

analysis.

Even when thesereal cost decreasesin solar systemswere takeninto account,

solarspaceheatingsystemswere stillnot competitiveagainstnaturalgas or

heatingoil alternativesunder the NEP price structureor with deregulation.

Againstelectricresistanceand heat pumps, only a marginaleffectwas obtained.

This cutcomeis due to the fact that electricitypricesunder the NEP are pro-

jectedto remainrelativelyconstantin real te”ms and the incentivesare at

theirmaximumreal valuein 1977, IIence,if feasibilitydoes not occur in 1977,

it wouldnot be expectedto occur at any futurepoint in time unles: largedrops

in real solarcosts are expected.



However,underthe deregulationscenario,the feasibilitypatternis again

extendedagainstthe elect].icalheatingalternatives. The 2% electricityprice

increasemakes solarresidentialspace heatingmore attractiveand, in fact,

feasiblefor additionaleasternseaboardand north centralstatesin the late

1970’sand early 1980’s.

Significantchangesin priceswould be necessaryfor solarsystemsto

competewith each of the four energyalternatives(naturalgas, heatingoil,

electricresistance,and electricheat pump) under the proposedNEP. Table V

showsthe minimumpoint of the solaraveragecost curveswhen the NEP incentives

(similarnumberswould applywhen the House incentivestructureis used) are at

a maximumfor two representativecities: Albuquerque,New Mexico,and Madison,

Wisconsin. All pricesare statedin $/106 Btu for 1977,with the price of

conventionalalternativesstatedin annualizedterms (lifecycle equivalents),

and the realprice of solargivenat its minimumvalue,which correspondsto the

maximumreal incentiveofferedunderthr NEP stricture. In both cities,solar

energyis currentlycompetitiveagainst.electricresistanceheating,although

naturalgas and heatingoil are far cheaperalternatives. For solarenergyto

competein the northernstatesagainstnaturalgas space heating,the cost of

solarsystemswould have to decreasesignificantlyor the price of naturalgas

wouldhave to increaseby SO% to 150% dependingupon the particularstate. In

the southernstates,thesedecreases(or increases)must be up to 400% in order

to obtaineconomicfeasibilityfor solarenergy. To competeagainstheating

oil, solarpriceswouldhave

of the UnitedStates. These

ternscan be expectedto last

IV. HOME AND ENERGYIMPACTS

to drop approximately75% to 100% throughoutmost

percentageswould be much smallerif the same sys-

for 30 years ratherthan 20 years.

The potentialtotalnumberof homes and energy snvingswere basedprimarily

upon new single-familyconstmction between1977 and 1985 at an averageof 1.3

millionunitsper year,usingthe assumptionsmade in a previousstudy.+ The

allocationof this numbertu each statewas based upon two principalcomponents:

1) the presentstockof single-familyhomes, and 2) the projectednumberof new

— —— —
t “ltieEconomicsof SolarHome Heating,”preparedfor the Joint EconomicConl-
mitteeof Congress,March 1977,by the same authors.



householdformations.The presentstock of single-familyhomos influer.ccsre-

placementdecisions, whilenew householdformationsplace demandsfor net housing

startsand vzczncyadditions. Thus, grosshousingsts.rts(single-familyresi-

dences)will equal the sum of net additions,inventoryreplacements,and units

constructedbut remainingvacant.

The type of fuel to be used in the new housingconstructionfor both resi-

dentialspaceheatingand domestichot water was based upon practicesestablished

duringthe 1970 to 1975timeframe. Duringthis period,therewcs a move away

fromnaturalgas and heatingoil to electricityin most of the country;from

butane,propane,and similarfuelsin the rural areas. This resultsin a pcr cent

compositionby fuel type for each statemeasurablydifferentfrom that eviden~cd

by the totalhousingstock in either1970 or 1975. Usingeitherthe 1970or

1975total housingstock,fuel compositionpercentagesdrasticallywoulddistort

likelypatternsof usagebetweennow and 1985. Use of 1’ewhousing~housing

constructedbetween1970 and 1975)constructionfuel t~e installationspresents

a much more realisticpictureof likelypatterns. A,majorassumptionof continu-

ationof the 1970 to 1975 fuel consumptionpatternswas that naturalgas curtail-

ments,new hookupmoratoriums,and heatingoil shortageswill not increase

(relatively)before 1985. Increaseduse of electricityis z certaintytc the ex-

tent that naturalgas (principally)and heatingoil is not available,whether

becauseof price controlsor otherreasons.

Severalmaps h~ve been constructedto demonstratesome of the interactions

betweenprojectednew housingstartsand fuel type installations,and also to

give some indicationof the potentialimpactsfrc’msolar installations.Maps

17, 18, and 19 displayprojectedtotalnew single-familyhomes between1977 and

1985 for residentialspaceheatinginstallationsby fuel type: naturalgas,

heatingoil, and electricity,respectively.The blank statesindicatethat less

than 1000 installationsare projected. Natural;as installationslead the way,

followedfairlycloselyby electricity,with heatingoil a distantthird in most

statesexceptthe traditionalNew Englandand EasternSeabo~rdregions. Thus,

likelysolarinstallationsare impliedby contrastingthesemaps with the maps

portrayingeconomicfeasibilityfor residentialsolarspace heatingapplications.

Maps 20, 2. and 22 displayprojectedtotalnew single-tamilyhousesbetween

1977and 198Sby fuel type for domestichot water installations.Here natural



gas and electricityarc likelyto be far hoi-eprevalentthan heatingoil, ex-

ceptingonly two or three states. Heatingoil is not used for hot water heating

as extensivelyas for spaceheating. The trend indicatesthat this divergence

will continueeven in thosestateswhere heatingoil has traditionallybeen the

principalfuel for all heatingpurposes. Stateswill have few heatingoil in-

stallationsfor hot waterpurposes(seeMap 21). The statesthat are projected

to have lessthan 1000 installationsare left blank. Map 20 shows that natural

gas insta!.lationsmay be zero or near zero in the

regions.

The numberof potentialhomeswas based Lion

construction(as shown in Maps 17 through22) for

Northwestand New England

summingthe new single-family

those statesdisplayingeco-

nomic feasibilityfor both incentivestructuresand fuel type comparisonby year

to 1985. This total computedfigurewas reducedby SO%. It was assuiiedthat only

one-halfof all potentialnew homes where economicfeasib~lityis achievedwill

be capabieof accommodatingsclarenergysystemsbecauseoi orientation(pri-

marily),structure,and institutionalconstraints. This is likelyto be much

truerfor residentialspaceheatingthan domestichot water applicat~.ons.How-

ever, for purposesof thesepreliminarycalculations,the 50% fit appearsreason-

able. This assumptionwill bz mcdifledas more informationis developed.

The estimatespresentedhere shoulJnot be interpretedas marketpenetration

projections.Given that economicfeasibilityis a necessarybut not sufficient

conditionfor marketabilityestimates,our projectionsserveas an expectedupper

bound on consumerpurchasesand installations.

Energysavingswere based upon spec’ificfue. comparisons. The totalenergy

loadfor spaceheatingis the quotientof heatingdegree-daysand assumedheat

loudof 15”103Btu/GDper home. The total energy load for domestichot water

Lcatingis 20*103Btu per househGjd. For any given fuel type,the fractionof

the totalenergyloadprovidedby solarenergy for each home withina specific

statewas taken from the economicfeasibilityresults(onlythe stateswere shown

in the previoussection), This fraction(specifieda~ Btu) was multipliedby new

construction(underthe 50% fit assumption]where that given fuel type is used

as a backup, This resultsin the potentialenergy savingsattributableto solar

by year for each stale.

Two measuresof potentialenergysavingsare employedin the followingdis-

cussion. One is the totalquantityof Btu, which makes interfuelcomparisons



easier. The other,and possiblymo~ meaningfulmeasure,is of energyequiva-

lency,that is, tt.eBtu are converti(. into conventionalunits by fuel type and

subsequentlyconvertedto a common“barrelsof oil” (hbl)measurefor presenta-

tionhere.

In addition,two differentconceptsof potentialenergysavingsare pre-

sented. The first is the accmed or accumulatedsavingsfrom 1977to 1985,the

timeframeof both this analysisand the proposedNationalEnergyPlan. This

numberrepresentsthe savingsto be realizedfrom solar installationsbetweenthe

timeof their installationuntil 1985. The secondconceptis a littlemore com-

prehensive: it representsa total energysavingsthat might be expectedover the

lifeof a solar installation.This is calculatedby multiplyingthe energy

savingsatr.ributableto each solarinstallation(whetherresidentialspace

heatingcr domestichot water)put in place between1977 and 19SSby the assumed

lifeof solarinstallationfor this analysis,either 10, 20, or 30 years.——
The cost LO the governmentin the form of incometax creditsaccruedover

t!)e1977 to 1985 timeframeis also calculated. The dollar subsidies(incomecnx

credits)f@r each potentialsolarinstallationare totaledtclarriveat the

Iltotalcost to government”figure=

The home and energysavingsimplicationsare summarizedin TablesVI, VII,

vIII,a,ldIX. T1-,efirsttwo tables,Vi and VII, were constructedfor solar

residentialspaceheatinginstallationsbased upon 20- and 30-yearlifecycle

cost analysis,respectively.TablesVIII and IX are similarlybasedupon 10-

and 20-yearlifecycle cost analysis,respectively,of solardomestichot water

installations.Each table containsthe results+consideringboth the NEP and

House incentivesand the “no incentives”case. The numberof homes is again 50%

of projectednew single-familyhousesproporti~nedby fuel type for heating

purposes.

For residentialspaceheating,as was demonstratedin the previoussection,

sola~systemsare likelyto supplantonly ~!ectricitybetweennow and 1985under .

Mtn the 20- and 30-yearlife cyclecost criteria. Both naturalgas and heating

t The fi~res in parentheseswithineach tablereplesentthe accumulatedsavings
betweenyear of installationand 1985 for the numberof solar systemsportrayed
in columnsone to three.



oil remainpricedsufficientlybelow solar such that economicfeasibilityis

precluded. Economicfeasibilityagainstelectricityappliesalmostexclusively

to resistanceheating (Maps7 and 8) with heat pump parity surfacingonly in a

few northen states (Maps9 and 10). If the 1970 to 1975 fuel compositionpat-

ternscontinue,approximately255 thousandnew homes may installsolarspace

heatingsystemsby 1985 to replace (supplement)the electricresistancealter-

native,assumingthe 20-yearlife cyclecost comparisonand !-louseincentivestruc-

ture. Total savingsbetween1977 and 1985would be close to 60=1012 Btu (0.06

quads)or approximately12% of the electricitythat would have been consumedby

new homesusingelectricresistanceheatingwithoutsolar augmentation.cost to

the federalgoven.ant throughtax creditswould be in the rangeof $363 million

[1977to 1985timeframe--1977dollars]. Total energysavingsover the solar resi-

dentialspaceheatingsystem’slifeof 20 yearswould approach219*1012Btu

(0.22quads)or 37 millionbarrelsof oil. ‘his migh,talso be interpretedas

180 kltih(64 thousandGIVhtotal]savedper dollarof governmentinvestment. Capac-

ity reductions(reductionsfrom what was expectedwithoutsolar supplement)could

potentiallyreach50 MWe duringthe 1977to 1985 timeframe.

More home installationsand largerenergysavingsare generatedby the NEP

incentivestructurethan under the Houseversion (TableVI). This is because

user the NEP structurethe actualdollartax creditgivenwas greaterfor most

of the states.

energysavings

be expectedby

more homes and

Approximately325 thousandsolar installationsin homeswith an

of 72.7.1012Btu (12.5millionbarrelsof oil equivalent)might

1985under the NEP incentivestructure. This is 70 thousand

over 2 millionbarrelsof oil equivalentthan under the House ver-

sion. Governmentexpendituresare expectedto rise $86 millionto about $45o

millionduringthe 977-1985timeframe. Althoughthe numberof statesincreases

significantlywhen contrastingthe NEP and House incentives,the numberof poten-

tial installation:and energysavingsdoes not increasecommensurately.Rela-

tivelyspeaking,the statesaddedare not as populated,

As expectedwhen one moves from a 20-yearto a 30-yeartime horizonin the

lifecyclecost analysis,the numberof potentialinstallationsand energy

savingsincreasesdramatically.Possiblymore importantis that the increment

betweenthe “without”and “with”incentivecases is far largerunder a 30-year

regimethan for 20 years, Naturalgas and heatingoil alternativesare still



lowerthan the subsidizedsolarcosts. However,the differentialnarrowscon-

siderablyin many of the states. Table VII displaysthe resultsfor the electric

resistancealternativecomparison. Under the NEP incentivestructure,about

925 thousandsclarinstallationsin homes couldbe expected,with an energy
12savingsof 711*1O Htu (122millionbarrelsof oil equivalent). Over the 3g-

year lifeof all installedsystemswith the solar fractionbetween40% and 60%,

the totalBtu savingscouldapproacha quad. Cost to the govenment in :he form

cf incometax creditswouldbe just over $1.2billion. As seen in Table VII, the

totalnumberof homeswith potentialenergysavingsis lowerunder the NEP incen-!,
tive structurethan the House regime,even thoughmore statesdisplayeconomic

parity. As the NEP incentivesdecrease,solarcosts increasemeasurably. Thus,

underthe NEP stzucturesome statesreversefrom economicfeasibilityto economic

unfeasibility,and then revertback to economicparitythe followingyear. Thus,

the potentialtotalnumberof home installationsand correspondingenergysavings

resultingfrom the NEP incentivesis somewhatless during the 1977 to 1!38Stime.
horizonthan underthe House incentivestxucture,where no incrementalreduction

takesplace.

The additionalstatesdisplayingeconomicparityunder the 30-yearlife

cyclecost analysisare locatedsouth and west of those under the 20-yeartime

horizons. These additionalstatesare in the Southwest,upper RockyMountain,

and North Centralregions. Also, the numberof potentialinstallationsis pro-

portionallygreaterthan the commensurateenergysavings. That is, whe~ the

timehorizonincreasesfrom 20 years to 30 years, the percentageincreasein in-

stallationsis greaterthan the percentageincreasein energysavingsdue to the

generallylowerheatingloadssuppliedby each additionalsolar system.

Solarapplicationsfor domestic!lotdaterheatingappearmuch more promising

than for residentialspaceheating. TablesVIII and IX displaythe resultsof

the economicfeasibilityanalysis,translatedto potentialhome installations

and energysavings,undera 10-yearand a 20-yeartime horizon,respectively.

* shownpreviouslyin SectionIII, the naturalgas and heatingoil alternatives

remainbelowsolarcostsundereitherthe NEP m the House incentivestmcture,

usinga 10-yearlife cyclecost approach. Therefc-e,Table VIII containsnumbers

for only che electricresistancealternative. Going from a 10: to a 20-yearlife

cycled~es allow solareconomicparitywith both naturalgas and heatingoil in



a numberof states,as well as significantlyincreasingthe numberof stateswhen

electricresistanceis the alternative.Table IX containsthis “~t of results.

The potentialnumberof installationsand associatedenergysavingsare

nearlydoubledwith the proposedincentivesfrom that withoutthe incentives

under the 10-yeartime horizon. As with the residentialspacebeatingsolar

applications,the shortertimeframe(20years) in the economicfeasibility

analysisgivesrise to a situationwhere the initialNEP incentivestructure

performsslightlybetterthan the newerHouse version. Under eitherstructure,

the totalenergysavingsduringthe 1977 to 1985 timeframeis over 175”1012Btu,

or the equivalentof 31 millionbarrelsof oil. With a systemlifeof 10 years,

totalenergysavingsmay approach320°106Btu for all solardomestichot water

heatersinstalled. Barrelsof oil equivalentcould reach nearly60 million,

with the cost to the governmentclose to $640 millionfor thosesame solar instal-

lations. If the systemsinstalledwere to remainoperablefor 20 years (the

timeframemany believeto be realisticfor domestichot water systems),the

energysavingspotentiallyattributableto said installedsystemswouldbe twice

that containedin TableVIII (lO-yearsavings). Costs to the governmentwould

not change,but the Btu per dollarinvestedwould increasedramatically.Home-

amers wouldalso benefitsignificantly,receivingmuch more heat from the in-

stalledsolarsystemthan went into the life cycle costingcomputation.

Solarsystemsinstalledfoz domestichot water in new constructionfares

much betterthan thosefor applicationin residentialspaceheating,with the

longertine horizonin the economicfeasibilityanalysis(3o years for space

heatingand 20 years for waterheating). Againstnaturalgas (TableIX), solar

systemsin the southernand easternseaboardstatesas well as the westernand

southwesternstatesachieveeconomicparity. By 1985,approximately465 thousand

new homesmight be expectedunder the newer incentivestructurewith totalenergy

savingsaccumulatedJO 198S from all solar installationsapproaching3601O
12

Btu

(between.03and .04quads),or 36 billioncubic feet of naturalgas. Energy

savingsattributableto thosesolar installationsover their 20-yearlifemight

reach 128~10
12

Btu (closeto a .13quad) or 128 ~illioncubic feet of natural

gas, Cost to tl ~overnmentin 1977dollarswould be approximately$132 million,

with an equivalentbafielsof oil savingsapproaching72 million. Reductionsto

capacitycould reach 21 !d31scf/dayif coal gasificationfacilitieswere to supply

the alternativegas.



In this situation,the NEP incentivestructureperformsmuch betterin terms

of potenrialhomes and energysavings. Over 725 thousandinstallationspoten-

tiallycouldbe expectedwith 6001(J12 Btu saved between1977 and 1985. Cost to

the”governmentwouldbe slightlyover $210 million,with totalenergysavingsover

the solar installations’20-yearlife approaching187”1012 Btu, or the equiva-

lentof 32 millionbarrelsof oil.

Althoughthe numberof stateswhere solar achieveseconomicparity (20-year

lifecyclecostingonly)againstheatingoil is largeunder both incentivestruc-

tures,the potentialtotalnumberof new homes and energysavingsis relatively

smalldue to its (heatingoil) lackof use for domestichot waterheating. Ap-

proximately120 thousandhomeswith a i3tufuel savingsof 10.5*1012Btu during

the 1977-1965time periodmightreasonablybe expectedif past trendscontinue

(heatingoil use for domestic3ot water)and with the new incentivestructure

factoredinto the analysis. Total energysavingsattributableto solar systems

over theirassumed20-yearlifemay approach30°101-Btu (approximately.03

quad)or S.2 millionbarrelsof oil. Cost to th governmentwould be approxi-

mately$35 million,or representan investmentof $7 per barrelof oil saved.

Reducedproduction{whetherfrom domesticwells, imports,or potentiallya syn-

fuelsplant)couldbe around10 thousandbarrelsper day.

The situationof movingfrom the House to the NEP incentivestructureis re-

versedhere (as cpposedto the situationwith the naturalgas alternative). Be-

causeof the incrementalreductionin the givenpercentof incometax creditand,

thus,dollaramount,some of the statesflip-flopbetweeneconomicfeaslbillcy

and non-feasibilityfrom year to year. This, of course,leadsto a reductionin

the potentialnumberof installationsand energysavingsfrom that under the

newerHouse incentivestructure.

Becauseeconomicfeasibilityfor solar‘iis-~-viselectricresistancewas

shownin all statesexcevtone (Washington)under the 20-yearlife cycle cost

criteria,over 3.9 millionnew homes couldbe capableof solarinstallationsby

1985. [Underthe 10-yearlifecycle cost criter~a,the numberof homes was only

2.2 million,discussedbrieflyabove.] With that takingplace,nearly 32501O
12

Btu or 93 thousandGWh couldpotentiallybe saved through1985, Total energy

savingsthatcouldbe realizedover the installations’given 20-yearlife hrould

approach1300.1012Btu (over1.3 quads)or 378 thousandGWh. There is no dif-

ferencein the numberof statesunder eitherincentivestructure;therefore,only



slightdifferencesexistin totalpotentialinstallationsand energysavings

What diftcrencesthereare can be attributableto the flip-flopof severalstates

brc!ughton by ~n incrementalreductionin the percentageincentiveunder the NEP

structure. Cost to the governmentduringthe period 1977 to 1985 wouldbe between

$1.1 and $1.2billion(Housean”.NEP structures,respectively).This transforms

into 325 kWh savedper dollarinvested. Potentialreductionsto neededgenerating

capacitycould surpassthe 2000MWe level.

It is interestingto note that the change in total statesdisplayingeconomic

parityis much greaterunder the 10-yearcriteriathan under the 20-yearlife cycle

cost analysis(electricresistancealternative).This is fairlyobviousbecause

the cost of solarsystemson a yearly$/Btubasis decreasesfasterthan the in-

creasein alternativefuelprices (NEPgoverned)as onefs time horizonis made

longer. Thus the “without”and “with”comparisonof potentialhome installations

and energysavingsis lessdramaticthan with the shortertime period,and the

costto the govemunentappearsmuch more for a smallerincrementin installations.

If moratoriumson new hookupswere to become the rule everywhereacrossthe

nationby 1985,therebyassumingthatnaturalgas as an alternativefuelbecomes

phasedout between1977 and 1985,the numberof new homes forcedto convertto

eitherelectricityor heatingoil woulddramatically~i;angeprojectionsof poten-

tialhome and energysavingsimpactin the residentialspaceheatingsector. The

potentialnumberof new homes installingsolarcoul~ approach750 thousand. If

the same assumptionis made for domestichot water applications,an additional

three-quartersto one millionhomesmight be expectedto installsolar. Energy

‘savingswouldincreasedramaticallyin both cases,as would the costs to the

government.

In the case of domestichot water,as proposed,assumingthat priceswere

not regulated,solarcouldcompeteon an even par with the electricresistance

altezmative,givenour definitionof economicfeasibility. A very modest in-

creasefor electricityin real tezmspushesthe annualizedcost of resistance

heatingbeyondthe cost of solarwithoutproposedincentivesunder 20-yearlife

cyclecost criteria. Total potentialenergysavingsand possiblenew home instal-

lationswouldbe almostidenticalto that with a constantreal electricityprice

and solarincentives,with onc major exception--therewould be no cost to the

government.This, of course,assumesthat consumersutilizethe 20-yearlife

cyclecost analysisin makingtheirdecisions. ~ voicedearlier,a 10-yearlife



wouldbe more appropriate,and even then consumersare likelyto need a push

from some incentivestrictureto actuallymake a positivepurchasedecision. In

addition,deregulationaffectsall individualsadversely--whereasthe combination

of regulationand incentivesresultsin the solar industrybecomingthe entity

subsidized. Deregulationis more likelyto cause a largenumberof lowerin-

come individualsto spend al~increasedamountfor theirhome energyneeds.

Retrofitcosts for solardomestichot water applicationaverageonly about

$100 above that for new home installation(and in many cases there is presently

no differencein quotedprices). This translatesinto almostthe samepattern

(economicfeasibility)as that for new homes (Maps13 through16). What this

means is that if everyonewere to take advantageof the incentiveprogramwhen

economicparitywas achieved(rememberingthe 50% fit assumption),therewould

be approximately10 to 12 millionhomeswhere electricresistanceis the alter-

native,3 to 4 millionhomes wherenaturalgas is reliedupon, and around 1 mil-

lionhomes whereheatingoil is employedwith solar domestichot water instal-

lationsundera 20-yeartime horizon.

solarinstallationsover theirassumed

5 quads. Cost to the governmentwould

Total energysavingsattributableto all

20-yearlife could conceivablyapproach

reach $6.3 billion. It is importantto

note that theseestimatesignoreall of the supply,labor,material,and other

considerationsthat would likelylimitsuch large-scaleinstallations.



TABLE I

CONVENTIONALENERGYPRICESBY STATE*

Seato 31atural (XS Maating oil Electricity
MC f $/gallon cm%

A2absaa

Ariaonc

Arksnsao

California

Celorsdo

Coonecticuc

Oalmfar.

norida

Ceo:gia

ldaho

11110010

Iodiana

lam

Kmca*

Kentucky

L.Ouisisns

Mine

firyland

tfemaclwset ●O

Mchigan

Hlnnwxa

niooimipp!

)fiOmuri

Mrmtmra

Itabrasfu

Mvada

Mew tfampshire

NW Jersey

Mu Uexico

Rau York

8ortb Carolina

WorthDakota

Ohio

Okidromm

Oregoo

?ennoylvmlia “

8hodc Island

8outIrCarolina

BeutbOckota

7entkoeoe*

Temo

Utah

‘- ~e-t
“Virginib:
~~chimtton
w~mcVirginia

Wieeonairt

2.215

2.215

1.10?

1.140

1.495

2,848

2.412

2.4S6

1.789

3.207

2.221

2.025

1.873

1*345

2.632

1.435

4.494

2.918

3.306

2.397

2.250

2.031

1,895

1.908

1.658

1.930

3.502

%384

1.692

3.204

2.688

1.719

2.018

1.172

2.933

2.693

30940

10904

1.657

1.89S
Z.bm

1.383

3.733

2.BM

2,765

2.379

2.416

0.42S

0.442

0.378

0.4s3

0.442

0.4s9

0.444

0.444

0.444

0,442

0.430

0.430

0.434

0.434

0.425

0.3?8

0.4s9

0.444

0.459

0.430

0,434

0.425

0.434

0.442

0.434

0.442

0.4s9

0.4s1

0.442

0.451

0.444

0.434

0.430

0.378

0.453

0.451

0.459.
0.444

0.434

0.42S

0.378

0,442

0,459

0.444

0.453

0.444

0,430

3.226

6.360

3.012

3.714

3.332

4.460

4.636

4.042

3.396

2.182

3.300

3.320

3.504

2.882

2.834

2.766

3.604

4.416

4.s30

3.086

3.816
3.664

3.514

2.506

3.092

3.350

4.654

5.196

3.304

5.974

3.502

3.792

3.660

2.780

2.104

3.922

4.184

30658

3.506

2.828

3.262

2.564

4,548

4.140

1.516

3.840

3.488

~f’4
*Mtrmd Ras md hOOtinR 611 pric~m arc for Nwil 19??. Clrctrictty prtrdn ● rr hand upon
thett~ortrdWC Typical Electric 81110 hy rntme for Jnnuary 197A ~lNln~ ‘tw $00 k~l~ rcsldwretal
toaouptlon Ievol. Yhusa prican wre ●djuetud to rcfluct April 19?7 \,untlf.lunc.
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TABLE II
SOLARSYSTEMCOSTS FOR RESIDENTIALSPACE HEATI?;:

(Dollars)

$pace lieatProvided*

State 25Z 50Z 75x

Alabama

&f zone

Arkannoa

Califorttia

Colorado

Connecticut

Dmlawme

Flor ids

CeorCfa

\ Idaho

11Mnoia

lmdlmta

love

Ymaas

IWntucky

Lmisima

tfdna

Maryland

?ksoachuaet ta

Michigan

?Mnnesota

2USaiarippi

Himouri

kmtma

I/obraaka

Rcvoda

Raw Itampshira

M- hrmy

NW Mexico

Mew York

2tmrthCarolina

North Oakota

Ohio

0k2aw

Orqon

?omnayl \jnia

Rhode Island

6mutb &rolina

6outh Dakota

7emncamo

Te*s

Utah
Vcr90nt

‘- Vlr@nti --’. .
-Mehlngton -

W-t Virginia

Ulccorrsin

A572

2925

3857

2123

39s1

4329

4275

2>99

3s73
4127

6825

4599

4842

4302

4559

3560

4626

4073

4613

4910

5018

3384

4235

4424

4518

3182

3436

4343

3506

4545

3776

48S6

M85

3749

3924
4tM6

4343

3209

4329

3978

3330

4WS

S436

4013

4100

4883

4896

3679

3965

6662

3506

6543

7718

7596

2601

5679

7475

9081

8636

9081

7596

8447

5652

8487

6968

8420

9500

9635

5153

7s15

8028
8163

4653

10863

774s

5436

8231

6138

9270

10161
60*4

7097

9243

7691

4721

7704

6867

5018

6975

10863

6921

7758

9351

9412

9338

S693

10809

4883

12.039

13617

“ 13577

2925

9338

13955

16614

15872

16547

13361

15467

9135

1526>

12038

15048

17627

17816

8015

13307 “

14670

14S62

7124

20543

:3725

8771

14697

10188

17100

19s44

10107

13415

17114

13563

7151

13577

11916

7799

12389

20543

11876

15s34

17559

17492

@VhemfM~tlOnII Bra ~hOfiOnonly for llluntruttv~ purpone~ nnd do notrr~jt~utnc
inBOIItcfiaon~hwo1}II1!,.11orleant cnnt nnlnr frnctttwr, Thvy (molar !rnctlom)
dohauwvorbr~ch!’~tl~c{mtlm.11frnct ton find point nut rather VI VIIIIY tlw nnn-
llnoar relstionchlp twtwwn .olar fraction (colluctor ●rcn) d tntal syntcmn coata.
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TABLE III
SOLARSYSTEMCOSTS FOR DOMESTICHOT WA;ER*

(Doll am]
.—

A2abms

Arlsons
Arksnsu

Callfocoia

Cdorada

Connecticut

Delaware

Florida

Georgia

Idaho

Illinois

Indiaru

Iwa

Kwrna

Kcatucky

Zauiniarra

Maine

Hcryhnd
Nawachucctto

M2chi@n

H.lnneoota

Miosicaippi

tumouri

Nantmm
Mebr~slu
2tovada
mewtipshire

Nw Jar8cy

Xev HOstco

Vow York

North Carollrm

Sorth Dakota

Ohio

Okzahon

Otc~n

?ennoylviniti

Rhode Isltnd

6euthCarolina

2euth oekata

Tenne~.ee

Texas

Utah

Ver80nC

Vir8inla-

Uashlngton _

West vir$lnb

Wimcrwoin

Wwntnx

864

740

866

784

1061

1’”8

891

819

864

1020

1173

1152

1142

1121

937

910

111?

869

1192

1198

1o94

910

1086

1042

1057

.723

1231

891

724

916

864

1028

1229

821

900

1202

1165

840

1036

801

W

960

1231

673

1018

1301

1111

1024

1183

974

1190

1051

1417

1565

1233

110s

1183

1357

1591

1s58

1542

1509

1316

1264

1504

1194

1620

1629

1469

1264

14s7

1368

1415

945

1680

1233

949

1277

1183

1368

1676

111),

127S

1633

1579

1142

1378

1217

1098

1266

1680

1202

1484

1766

1496

1703

1355

1722

1482

17S6

2095

1803

1567

!703

1821

2086
20.49

1973

191s

1954

1854

1900

1730

2097

2184

187A

1854

1859

1797

1708
1310

21s2

1803

1314

.1879

1707

1743

2350

1581

1973

2176

2014

1633

1724

1776

1562

1618

2182

1739

2168

2397

1941

1362 1701
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1977

1978

1’979

1980

1981

1982

1983

1984

1985

TABLE IV

VAL!JEOF SOLAR INCENTIVES

SPACE HEAT HOT WATER
TAX CREDIT

($lOCOOO System)

TAX CREDIT

($ MOO System)

NEP HOUSE NEP HOUSE

2000

2000
~ooo

1580

1580

1210

1210

1210

0

2150

2150

2150”

2150

2150

2150

2150

2150

0

600

600

600

460

460

370

370

370

0

510

51n

W-J

510

510

510

510

510

0

TABLE V

MINJNUMSOLAR PRICESVS. MJNUALIZEDPRICES
OF CONVENTIONALAL’~EILYATIVES

(1977$/106 Btu)

Alternative
Energy
Source

NaturalGas

HektingOil

filoctricRmistanco

Heat Pumps

*=-i==R-
5.87 I 8.89 6.67I !5.73 I 8.40 6,30

9.68 I 8.89 6.67I lom~zI 8.40 6.30

S.4’7 I 8“8’ XL_12--lx--u!

FR -24-
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TABLE VI

RESIDENTIALSPACE HEATING:
20-YEARLIFE CYCLE COST BASIS

w/o

w/
HOUSE

!/’//
NEP

w/o

w/
HOUSE

w/
NEP

Number of Energy Government
Homes (10’) Savings* Expenditures

;as Oil Elec 13TU(IOU) BBL(lOS) ,$(10’)

- - .125 98
(25) (’:)

o

- - .255 219 “ 37 363
(61) (lo)

- . .323 240
(72) (?!) ‘9

TABLE VII

R!XIDENTTALSPACEHEATING:
30-YEARLIFECYCLE COST BASIS

Number of Energy Government

Homes (10’) Savings* Expenditures

gas Oil Elec BTU(10’2) BBL(10’) $(10’)

. -. .330 430 75 0
(72) (12)

‘- - .924 1066 183 l~lg
(191) (33)

- - .905 967 165 1096
(178) (31 )

●The figuresin ptircnthescsreprcscncaccumulatedsavingsbetweenthe
year uf installation,?~:d1985 for all systemsportrayedunder “Number
Of Ilomes.”
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TABLE VIII $.,

.

w/o

w/
HOUS

w/
NEP

‘ w/o

w/
HOUSI

w/
NEP

DOMESTICHOT WATER:
1O-YEARLIFE CYCLE COST BASIS

Number of Energy IGovernment
Hcines (106) Saving< Expenditures

h
oil Elec BTU(lOn) BBL(10’) .$(109QG5

1 i 1

I - 19 7771

‘1‘12930glw~i)I 638

TABLE IX

DOMESTICHOT WATER:
20-YEARLIFE CYCLE COST BASIS

Number of Energy Government
Homes [! G’) Savings” Expenditures

GtJs Oil Elec BTU(IO’2) BBL(10’) $(106)

o 0 3 .270 1020 175 0
(255) (44)

466 .1191 .980 1424

r

243 1693
(371 ) (64)

736 ● 107’ 3.906 1475 277 1700
(395) (68)

‘The figuresin parenthesesrepresent~ccum~~l~tc~ savingsbctwccnthe
year of installationai;d19S5 for all sys:cmsportrayedunder “Number

FR

of lbmuso”
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.

Fig, 1, Crude oil wellheadprices (1977dollars)
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Fig, 2, Naturalgas wellheadprices (1977dollars)
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ECONONICFEASIBILITYFOR SOLAR DOMESTICHOT WATER:
WITH AND WITHOUTINCENTIVES(HOUSEVERSION)

(lO-YearLife Cycle Cost Basis)

.

E=
w/o incentives

%=3 m
w/ NEP incentives

UAP 2

1977 RESIDENTIALGAS PRICES
(DollarsPer mcf) .

Essl UIIlln Ezzl Essl
1.17-1.74 1.75-2.24 2.25-2.99 3.00-3.99

-29-

IE!83
4.00-4.49

FR



MAP3

1977 RESIDENTIALELECTRICITYPRICES
(CentsPer kWh)

ullIul INNIzl
1.52-1.99 2.00-2.99 3.00-3.99 4.00 -4.S9 5.00-5.97

MAP4

CITIESAND HEATINGDEGREEDAYS

● City represents nearby state as well as state In which it IS located.

●* City represents nearby stateonly,
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MAPs

SOLAR SPACE HEATINGSYSTE*fCOST:
SOLAR FRACTION50%

.

.

2601-3999

UIIIIll Ezl IssN
4000-5499 5500–7999 8000-9499 9500-10863

MAP 6

SOLAR DOMESTICHOT WATER SYSTEMCOST:
SOLAR FRACTION85%.

(Dollars)

la UllIm IsiNEzl
1310-1499 1500-1699 1700-1899 1900-2099 2100-2397

-31- FR



MAP 7

SOLAR FEASIBILITYFOR RESIDENTIALSPACE HEATING:
ALTERNATIVESYSTEM - ELECTRICRESISTANCE

(20-YearLife Cycle Cost Basis)

.

.

. B BUIIIiI r-l DIllIllIEE3
w/o incentives w/ House incentives w/ NEP incentives

.

MAP 8

SOLAR FEASIBILITYFOR RESIDENTIALSP.\CEHEATIXG:
ALTERNATIVESYSTEM - ELECTRICRESISTA’;CE

(30-YearLife Cycle Cost Basis)

“B Esl ilIuIn EsNmllIm
w/o incentives w/ Flo\x5e incentives w/ NEP incentives

FR -32-



MAP9

SOLAR FEASIBILITYFOR RESIDENTIALSPACEHEATING:
ALTERNATIVESYSTEM - ELECTRICHEAT PUMPS

.

.

..

EsNImil
w/o incentives w/ House incentives

fiuIuIIlm
w/ NEP incentives

.

.

MAP lU

SOIAR FEASIBILITYFOi RESIDENTIALSPACE HEATI’(G:
ALTERNATIVESYSTEN - ELECTRICHEAT PUMPS

(30-YearLife Cycle Cost Basis)

Ea Hunllll EaIuIInEml
w/o incentives w/ House incentives w/ NEP incentives
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MAP 11

SOLAR FEASIBILITYFOR RESIDENTIALSPACE HEATING:
ALTERNATIVESYSTE31- ELECTRICRESISTANCE

(ENERGYPRICESDEREGULATEDAND NO INCENTIVES)
(20-YearLife Cycle Cost Basis)

.

MAP 12

SOLAR FEASIBILITYFOR RESIDENTIALSP.ACEHE.4TING:
ALTERiiilTIVESYSTE}!- ELECTRICRESIST,.\XCE

(ENERGYPRICESDEREGUL-\TEDAND
(30.YearLife Cycle Cost

SO INCENTIVES)
Basis)

FR “34-
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SOLAR FEASIBILITYFOR DONESTICHOT WATER:
ALTERNATIVESYSTEN - NATUFULGAS
(20-YearLife CycleCost Basis)

I 1

.

.

.

Isa [ HIImlI [ muIllEm
w/o incentives w/ l-louse incentives w/ NEP incentives

MAP 14
SOLAR FEASIBILITYFOR DOJIESTICHOT WATER:

ALTERNATIVESYSTEM - HEATINGOIL
(20-YearLife CycleCost Basis)

m lsamIll issmmllm
w/o Incentives w/ House incentives w/ NEP incentives

-3s- FR



MAP 1s

SOLAR FEASIBILITYFOR DOMESTICHOT WATER:
ALTERNATIVESYSTEM - ELE:;RIC RESISI’MCE

[lO-YearLifeCycle Cost Basis)

. .

.

w/o incentives w/ House incentives w/ NE- incentives
.
.

MAP 16

SOI.ARFEASIBILITYFOR DOMESTICHOT WATER:
ALTERNATIVE‘$YSTiN- ELECTRICRESISTM4CE

(2fl-YearI.ifeCycle Cost Rasis)

.

Esl
w/o incentives

EsmIulI ENIllImm
w/ l-louse incentives w/ NEP incentives

FR
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MAP 17

PROJECTEDTOTAL NEW HOMES 1977-1985
UTILIZINGNATURALGAS FOR SPACE HEATING

111111]
50-99 100-199

MAP 18

PROJECTEDTO’i’ALNEl’lHOilES 1977-1995
UTILIZINGHEATINGOIL FOR SPACE HEATING

{1OOC’!;

200+

1-24 25-49 50-74 75+
-37- FR



MAP 19
r?

‘“l-49

PROJECTEfiTGTAL NEW HOMES 1977-1985
UTILIZINGELECTRICITYFOR SPACE HEATING

50-99

PROJECTED
UTILIZINGNATURAL

.

~

“ 1-49

,100-199 200+
.

MAP 20

TOT.4LNW HO!lES 1977--198s
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PERFORMANCE AND

APPENDIXA

COST OF SJLAR

This Appendixdescribesperformanceand

HEATINGSYSTEMS+

cost parametersfor the two most

promisingand best known shortrun uses of solarenergy--domestichot waterand

spaceheatingof residences.

The solarenergyincidenton the outsideof a buildingcan be used to pro-

vide a major fractionof spaceheatingand domest.i~hot water requirementsin

largeportionsof the UnitedStates. A solarheatingsystemgenerallyconsist?

of solarcollectorsto absorbthe sun’sheat energyand a heat storagemedium ‘.o

hold excessheat for releaseduringpcriods,whenthe sun does not shine. Since

weather,solarinsolation,and energycost patternsv~ry significantlyfrom

place to place it is desirableto base the designof a solar systemon the local

situation.

Althutighthe operationof a solar systemcan be readilyunderstoodin a

qualitativefa him, the quantitativeanalysisof a system (e.g.,sizingof

collectorarray)in~olvescomputersimulationof solarperformanceusing actual

hour by hour weatherdata, and is considerablymore difficult. A fairlygeneral

methoddevelopedat the Los AlamosScientificLaboratory(LASL)was employedto

supplythe necessaryquantitativeanalysis.5 L4SL developedstandardparameters

for both residentialspaceheatingsystemsand for domestichot water systems

which serveas the basis for the performancesimulationwork being done at

Los Alamosand for the economicanalysisreportedin Section111.

The firstsectionbrieflydefinesperformancecharacteristicsof the base-

line collectorsused for this study, Sectiontwo developsthe price estimates

llsedfor the collectorsystemsand comparesthem to other systemson a tutal

installedcostbasis.

‘This appendixis based in part on materialdevelopedfor and presentedin “The
Economicsof SolarHome Heating,”preparedby the same authorsfor tl~eJoint
EconomicCommitteeof Congress(JEC)in March 1977,

5Balcomb,J. Douglasand Hedstrom,James C., “A SimplifiedMethod for Sizing
a SolarCollectorArray for SpaceHeating,”Los AlamosScientificLaboratory,
Los Alamos,New N!ixico.



PerforufinceParameters

The first consideration in the thermaldesignof the buildingshouldbe to

❑inimizethe 1,Id withinthe constraintsimposedby economicsand architecture.

The thermalload is definedas the totalheat requiredby the buildingper day

F I degreefahrerlheittemperaturedifferencebetweenthe insidetemperatureand

the outsidetemperature(frequentlyewressed in units of B~/Degree-Day). For

a small,singlestory,well insulatedbuilding,the thermalload shouldbe in

the rangeof 10 BTUS per degreeday per squarefoot of floorarea (BTLJ/DD/Ft2).

It is importantto minimizethe buildingload throughadequateinsulation,double

81azing,controlof infiltration,and passivecontrolcf the solargains since

the areaof solarcollectorrequiredto obtain[Igiven fracti~fiaf the heating

requirementsis directlyproportionalto the buildingload.

Designoptimizationusuallyinvolvesa tradeoffbetweencost and perfor-

mance.For most locationsit is uneconomicalto designsolarheatingto provide

for 100%of the heatingrequirementsbecauseof the necessarilylargecollector

area and storagevolumethat wouldbe required. A solar systemshouldalways

be designedwith a full capacityauxiliaryheatingunit for periodsof extended

cloudiness.At some point the extraperformancewhich can be achievedby

addingmore equipmentor materialwill exceedthe savingsincurred. This is

true of extrainsulation,extracollectorarea,and many other designvariables.

Thereare two commoncategoriesof solarspaceheatingcollectors: those

thatuse air-heatingcollectorsand thosethat use water-or liquid-heating

collectors.An engineeringevaluationindicatedthat the air-heatingcollector

systems(commonlycalled“air systems”)probablyhave a slightadvantageover

liquidheatingcollectorsfor 20 to 30 year residentialapplicationsbecause

theyare lighter,easierto fabricate,tolerantof minor leaks,less likelyto

have corrosionproblems,and do not need freezeprotection. Preliminaryanaly-

sis of both air and liquidsystemsshowedthat the economicfeasibilityof the

two typesof systemswere essentiallythe same. Thus, only air systemswere

analyzedin detail,but the resultsare applicableto both air and liquidsys-

tems. Domesticwater heatingsystemswere analyzedseparatelyfrom space

heatingsystems,even thoughan “optimal”spaceheatingsystemwill almost

alwaysincludean integraldomesticwater heater. This was done to clearly

illustratethe differenteconomiccharacteristicsof these two applications.

Sincea liquid-to-waterheat exchangeris generallymore efficientthan an



air-to-waterexchanger,a liquidcollectorfor domesticwate: heatingwas

assumedin this study. The air heatingcollectorsystemused in this analysis

is depkctedin FigureAl.

collector,is heated,and

or directlyto the house.

heatingcollectorscan be

In this system,air passesthroughchannelsin the

the heat is transferredto a heat storages~”stemand/

Air has a low heat transfercoefficient,but air-

properlydesignedto have adequateperforr,ance.

The commonthermalstoragemedium for air heatingcollectorsis a bin full

of rockswhich is heatedby the hot air from the collector. Spaceheatingis

accomplishedby blowingcoolerair from the room througheitherthe heatedrock-

bin or directlythroug!.the collectoritself. If room temperaturefallsbelow

a chosenlevel,an auxiliaryspaceheateris used to maintainroom temperature.

1;.most commona!.r/rock systemsthe air flow directionthroughthe rock

bin is reversedbetweenthe chargingand dischargingstorage. This makes opti-

mum use of tliermalgradientsin the rock bin and allowsmorn efficientuse of

a givenquantityof rocks. Oilemethodof providingthis reverseflow is as

shownin Figure1. The sys.emrequiresonly one fan and two double-dampers.

When the collectortemperatureexceedsthe rock bed exit temperature(leftside),

the collectoris on and DamperC is in the positionshown. Otherwise,the

ccllectoris off and DamperC is in the upperpositior..

When the buildingrequ-’resheat,DamperH is in the positionshown. Other-

wise, DamperH is in the upperpobition. The furnaceis operatedwhen necessary

to satisfythe buildingload. The fan is on when eitherthe collectoris on

or the buildingneedsheat.

When the collectoris on, the solarheatedair is routedeitherto the

buildingspacedirectly(whenthe buildingneedsheat) or to the rock bed. When

the collector~,soff, the buildingis h~atedby blowingair throughthe rock

bed in the reversedirectionanu directlyinto the buildingspace. The standard

air systemparametersdevelopedby LASL are given in TableAl.

Domesticsolarwater heatersare attractivebecausethey work year round

and can usuallybe retrofittedto existingdwellings. Comparedto spaceheating,

they supplya relativelyconstantloadand otherscan be sized for more uniform

and efficientuse of the solarcollectorarrayand storagetank. The hot water

demandprofileshownin FigureA2 was assumedfor this studybased on personal

experienceand estimation. The simulationswe~ :un assumirgthat the profile

was the same for everyday of the year.



As mentionedabove,liquidcooledcollectorsenjoya naturaladvantage

whereonly domestichot water is generated,sinceno air-to-liquidtransfer

requiredanywherewithinthe system. On the otherhand, simpler,less expensive

liquid-to-waterheat exchangersare desirableso that antifreezeand conosion

inhibitorscan be circulatedthroughthe collector. The assumedsystemthat

incorporatesthese featuresis shownin FigureA3.

The nominaldesignparametersfor the collectorare given in Table A2.

Sincethe storagetank is relativelysmall,the heat loss from the tank surface

is relativelylargerthan for a spaceheatingsystemand is explicitlyaccounted

for in the analysis. A tank surfaceof 0.5 ft2/ft~is assumedwit!~a tank in-

sulation)ieatloss coefficientof .083BTIJ/°F-hr-ft~.

For the two-tanksystem,depiutedin FigureA3, the solar-heatedstorage

tankacts as a sourceof preheatedwater for the secondtank,a conventionally

fired,domestichot water tank. A controlschemewas adoptedin which auxiliary

heat is addedto the secondtr,nkas necessaryto maintainthe storagetempera-

ture at 120”F. A nominalthe~malstorageheat capacitywas chosenfor the solar

storagetankequal to 15 pounds (1.8gallons)of waterper squarefoot of

collector. For the second,auxiliary-firedtank,a nominalcapacityequal to

one-halfthe dailyusagewas chosen. In this analysisthe daily hot waterusage

is 80 gallonsper day; theiefore,the secondstoragetank is 40 gallons.

The two-tankdomestichot water systemCiln be expectedto performat higher

overallefficiencythan a one-tanksystem. Since the auxiliaryheat is supplied

at the secondtank,not at the solarheatedtank, the solarheatedportionof

the two-tanksystemcan operateat a lowerstorage(andhence collector)tem-

peratureand higherheat collectionefficiency. By properadjustmentof the
.

solarstoragetank temperature,the overallefficiencyof the two-tanksystem

can be raisedover that of the one-tanksystem.

For variousselectedcitiesacrossthe continentalU.S., the LASL simula-

tionprogramwas exercisedto determinethe squarefootageof collectorneeded

per specifiedfractionsof solarheat provided. The residentialspaceheating

systemwas as portrayedin FigureAl with performanceparametersas definedin

TableAl. The domestichot water systemwas as portrayedin FigureA3 with

performanceparametersas definedin Table A2.



Cost Parameters

The cost of solarenergysystemscan and has been computedby a varietyof

generallyacceptedmethodologies.These costs,when contrastedw+.thprojected

pricesof alternativeenergysystems,give the investigatora pictureof poten-

tial solarpenetrationin variousregionalmarkets. This sectionis concerned

with constructingrealisticcost estimatesof a solardomestichot water system

and a solarair heatingsystemdesignedsolelyto reet some fractionof a

residence’s(single-familydetachedfor this study)hot water or spaceheating

demandover a normalyear.

There existstodayvery littlehard data on the cost of solarenergysys-

tems designedsolelyfor residentialspaceheating. The systemsavailablenow

are usuallydesignedand deliveredwith at leasta hot waterpre-heater+ and

most componentsof the backupor auxiliaryheatingsystem. In addition,the

systemsare generallysite specific;that is, thereare largedesign,engi-

neering,and supervisioncosts inherentwithin the installedsystem. In addi-

tion,initialunit fabricationcostsand the trainingrequiredfor proper in-

stallationincreasetotalsyst(;mcosts significantly.

On the otherhand, theredoes existmore informationon the cost of solar

energysystemsdesignedsolelyfor domestichot waterheating. The systems

availablenow are usuallydesignedwith one or more collectorpanelsin conjunc-

tionwith the hardware(pump,pipe,heat exchanger,and controls)and auxiliary

storagetank. In most instancesthese systemsare not particularlysite

specific: that is a commonpackagegis installed

— .
+
It is reco~ized that an integratedsolar system

in varyinglocations,with

designedfor hot water and
spaceheatingpurposeswill almostalwaysbe more competitiveand hence
closerto an “optimal”totalenergysystemwithina single{amilyresidence
than one designedsolelyfor spaceheating. To keep the a?lalysisto a mini-
mum, however,spaceheatingand hot waterheatingwill be e’-:minedseparately.

5Thesepackagesdo vary in sizing,but usuallyin discreteincrements. For
climaticconditionsthat differwithinspecifiedrange,equivalentpackages
are generallyinstalledin the two locations, This usuallyleadsto the
solarfractionbeing,say, 6S% in one location,75% in the other. Only when
the solarfractiondropsbelow a certainlevelis an additionalpanel added
to the overallhot water package.



the fractionof totalhot water heatingload suppliedby theseequivalent

systemsvaryingdue to weatherconditionsand inputwater temperature.Howeve~,

for this studywe allowcollectorsizes to vary in a continuousfashionfor

everysite so that a continuumof solar costscan be computed,

On the basis of the designparametersin the previoussection,cost data

were obtainedfrommany individualsand firmsin the U.S. engagedin design.ng

engineering,marketingand installingsol~!renergysystems. In addition,some

preliminaryinformationwas obtainedfrom both the ERDA and HUD solardemon-

strationprograms. Vario~smeasuresof costs+were reportedto us, and after

transformationintomeasuresused in this ~tudy (totalinstalledsystemdollar

costsand dollarspei-106 Btu of heat delivered)were reviewed. Althoughthere

was much disagreementamongthe variousestimates(withmuch of that disagree-

ment attributableto eithersystemdesignor systemlocation),the generalcon-

sensuswas that totalfixedcosts,thosecosts independentof storageand

collectors,wouldrun approximately$2250for residentialspaceheatingand $350

for domestichot water systems.
.

Some explanationof the above costsshouldhelp to clarifythose figures.

As statedin the previoussectionon solarperformance,an air systemwas em-

ployedfor spaceheatingpurposes,a liquidsystemfor hot water application.

In an air system,insulatedduct and an air handlingsystem (fan,dampers,

sensors,controls,etc.)make up those componentsnot likelyto be very much

different[collectorindmendentl for svstemsaroundthe countr~.g Therefore.. —- –..–.–

for our 1500-square-foot,relativelywell insulated

handlingcontrolsystemcouldbe employed;and with

uniformquantityof additional(overand abovethat

. . ,

home, a fairlyuniformair

properdesigna fairly

requiredfor conventional

heatingsystems)insulatedduct work would be possiblearoundthe U.S. For the

liquidsystemuse in hot water applications,fairlystandardsizedpumps,heat

exchangers,pipes,sensors,and controlscouldbe used in most of the U.S.

These componentswouldbe almostindependentof the squarefootageof collector,

and thereforewere assumedto make up the collector-independentcost component.

t
Thesemeasuresbeingdollarsper squarefoot of collector,dollarsper heating
seasoncr year, systemcostsnet of savingsduringsome specifiedperiod,and
dollarsper heatedarea of house in additionto the two mei>s res utilizedin
this study: totalinstalledsystemcosts and dollarsper 108 Btu.

5Conventionaltrackhomeswhere installationof the requiredduct work and air
handlingcontrolsystemis commonplace.



In additionto the materialcompor,entsthemselves,relativelycorknonin-

stallationpracticeswere believedto be associatedwith both the air and

liquidsystems. With some assumptionsabout skill type and levelrequirements,

unionand non-unionrules,and wage rate differentialsamong regioncof the

U.S.,collector-independentlaborcostswere computedfor each state, These

estimatedcostswere comparedto knownvalueswhere possible,and subsequently

modifiedto reflectpresentregionaldifferences.

In most star-eswhen the assumptionof laborpracticecommonalitywas com-

binedwith the assumptionof uniformf.o.b.equipmentprices, Very similar

totalcollector-independentcostswere derivedfor each state. Becausethe

costsare only estimatesof probablefuturesystems,a singledollarfigurewas

chosento representall of the states: that of $225d for residentialspace

heatingand $350 for domestichot water applications,respectively. [Morewill

be said on the validityof these two dollarfiguresafterdiscussionof col-

lectorand storagecosts.]

From the same data and informationsourcesmentionedabove,costswere

establishedfor the othermajor component(collector-dependent)of a solar

system: that is, the collectors,supportingframework,and storagerequirements.

It is in the area of collectordesignand performancewhere ttlemost controversy
t

occurs. Ho!{ever,by utilizinga baselinecollectordesign,generalagreement

was obtainedon probablecosts. Becausean air collectoris relativelysimple

when comparedto a liquidcollector,its cost per squarefoot will be signifi-

cantlyless, Structuralsupportsand mountsshoulddifferonly slightlyfor

the two collectors,while the storagecosts (on a squarefoot of cullector

basis)wouldbe expectedto divergebecauseof the natureof the storage

medium: water for the liquidsystemand rocks for the air system.

Followingthe same lineof argument(andprocedure)as that presentedfor

collector-independentcosts,g the followinginstalledcostswere establishedfor

the collector-dependentcomponentof a solarsystem: $16.50per squarefGot of

collectorfor a liquidsystem,and $13.s0per squarefootof collectorfor an

t In a followingdiscussion,this controversywill be used to help evaluatethe
systemcostsestablishedfor this study.

5Commonalityof laborpractices(skilltype and levels,unionpenetration,and
wage rate differentialsadjustedfor productivitydifferences)and uniform
f,o.b.equipmentprices.
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air system. A simplebaselinesingleglazingcollector(liquidtype)supported

by commonmountswith an associatedwater storagetank (.21gallonsof storage

per squarefoot of collector)was used for the liquidsystemcost computation.

For the air systemcost computation,a simplebaselinesingleglazingcollector

(airtype)supportedby commonmountswith an associatedrock storagebin was

used. Most of the cost differencebetweenthe two can be associatedwith either

the collectoror storageequipmentitself.

‘Usingtheseuniform(acrossstates)cost estimatesin conjunctionwith the

squarefootageof collectorrequirementsestablishedfrom the LASL performance

code,totalsystemscostswere derivedin termsof 1977 dollars. [ihesecosts

by statefor representativesolarfractionswere presentedin SectionIII.]

Becausewe have alreadyaccounted10X somepotentialreductionsin costs (i.e.,

economiesof scalefor the marketingand transportationof commonequipment,and

the establishmentof commoninstallationpractices),the real costsof solar—-
systemswere assumedto remainconstantthroughthe periodof analysis--l978

through1985.

The finalcost componentof solarenergysystemsincludedin this analysis

is the annualoperationand maintenance(O & M) expensesover an air system’s

expectedtwentyto thirtyyear life for residentialspaceheating,and

ten to twentyyear lifefor domestichot water system. Becauseso littleis

actuallyknownaboutpossiblemaintenance,repair,and replacementcosts for

the variouscon;.~lentsof ~ solarsystem,largeexpenditureswere allowedat

certainintervalsand towardsthe end of the life cycle, Summingthe expendit-

ures over the expectedlifeand computinga yearlyaveragegivesan estimateof

annualoperationand maintenancecostsof 0,75% of totalsystemcosts for the

residentialspaceheatingair system,and L.OOifor the domestichot water

system.

Beforemovingto a brief discussionof the validityof thesecost estimates,

two tablesare presentedwhich containsome actualcomputationsfor select

cities. TableA3 displaysthesecomputationsfor residentialspa~eheating,

TableA4 for domestichot water. Heatingdegreedays are includedin TableA3,

for the yearlyheatingloadare directlyproportionalto those figures,while

the hot waterheatingload is assumedconstantfor all sites, Some of the sites

displayedare the same ones commonlyused in othereconomicstudies.



Severalthingsabout each table shouldbe noted. First,for residential

spaceheating,althoughthe heatingdegreedays (pc~entialheat load)vary little

betweenAlbuquerque,New Mexico,and Seattle,Washington,the squarefeet of

collectorrequiredto meet 50% of the standardhome’sheatingload (50%solar

fraction)is signi~icantlydifferent. At the same time, in Madison,Wisconsin,

the heatingdegreedays are almostfour times those for Charleston,South

Carolinawith the squarefootageof collectorrequirementsvaryingby less than

a factorof three. As well knownand expected,weatherconditions(hmountof

sunshineavailablewhen needed)play a formidablerole in totalsystemcosts.

Second,with collector-independentcostsbeing equal for all sites,those

siteswith lowerheat loads (heatingdegreedays)have to bear a heavierburden

on a Btu equivalentbasis fromthose costs. That is, in Charlestn, South

Carolina,~?~eirisulaLedduct work and air handlingcontrolsystemcompriseclose

to 50% of the totalsystemcosts,whereasin East Wareham,Massachusetts(near

Boston),thesesame costsmake up only slightlymore than 25% of total system

costs. This pointsout why on a dollar-per-Btubasis those areaswith a

relativelylow totalheatingneed would not chooseto installsolar.t

Third,becausehot water is neededyear round, lessdivergenceon system

costs (andcollectorareas)is evidentthan for residentialspaceheatingamong

the representativesites. Whereas,for spaceheatingin Madison,Wisconsin,

solarcostsare about 75% higherfor a 50% solarfractionthan in Albuquerque,

New Mexico,for domestichot water there is lessthun a 50% differencein costs

for an 8S% solarfraction,

Fourth.the impactof the sunbeltis quite evident.inboth spaceheatingand

hot water applicationsof solarenergy. Albuqllerque,New Mexico,requiressig-

nificantlylesscollectorarea to providea givenquantityof hot water (S8

versus78 squarefeet), whileat the same time requiringonly 30% more collector

area to providealmostdoublethe spaceheatingneeds.

Fifth,the importanceof the collector-independentcost componentis

diminishedin the domestichot water applicationof solarenergy, In concert

t
For example,althoughPhoenix,Arizona,does have need of heat duringthe
wintermonthson selectoccasions,it would probsblynot be anywhereclose to
cost effectiveto employsolarto supplythoseneeds, The quantityof heat
neededwould not justifya solarsystemeven thoughonly a few collector
panels (andhenceonly minimal

t
ollar cost for this component)might be re-

quired, The dollarcost per 10 Btu would be for higherthan most conventional
meansof supplyingthat heat due to the $2250 expenditureeven beforeadding
the collectorcosts.



with year round requirements

much more weightbeing given

analysis.

As statedseveraltimes

systemscan be priced. This

for hot water,this diminishedimportanceleadsto

collectorcosts in the economicfeasibility

earlier,thereare a numberof ways that solar

usuallyleadsto confusionwhen tryingto compare

systems. In addition,variousrules-of-thumbhave ofttimesbeen established

to estimatefuturecosts,therebyfurthercomplicatingcomparisons. We never-

thelesswill brieflydiscussapparentdifferencesbetweencost estimatesderived

fromthe currentdata+ of solarsystempricesand those (costestimates)con-

structedfor “thisstudy.

Once solar systemcostsare adjustedso that a constantsolar fractionis

beingpriced,most estimatesof currentcosts are remarkablysimilarfor flat-

platecollectordesigns. Whereverpossible,individualestimatesor actual

quotedpriceswere transformedinto a totalinstalledsystemcost for the repre-

sentativesolar fractionsreportedin Section111 (thesebeing 25, 50, and 75

per cent solarfor residentialspaceheatingand 4:, 65, and 85 per cent solar

for domestichot water). This made the comparisonsmuch easier,and does

allowus to contrastpotentialpricesthroughprobablerangesof solar fractions.

For the most part, the systemcostsemployedin this studywere somewhatlower

than currentestimates. However,aroundthe “optimal”solarfractionas com-

putedin this study (variesby state),less than a 15% differentialwas usually

evidentbetweenthosecostspresentedin Tables II and III and the upper range

of currentsystemcosts. We thereforeconcludethat for flat-platecollector

designstilecostsused here are certainlyrealistic. Currentcosts in real

termsshoulddecreasesomewhatas engineering,design,marketing,and trans-

portationcostsare lowered(economiesof scale)due to solarpenetration. How-

e,(er,a drasticdrop in solar systemcosts is not believedpossiblefor the

followingreasons.

First,in typicalinstallations,the collectorsaccountfor only 20% of

totalsystemcost. Sincemost of the othercomponentsof a solarsystem (i.e.,

t Actualestimatesor the supportingdata will not be reportedhere. Much of the
informationis in a form that does not easilylead to resultscomparedhere.
In addition,some of the data colloctedwas by brandname, and thereforedoes
not !.enditselfto publicationin this type of study,



pumps,pipes,sensors,etc.) are alreadymass producedand readilyavailable,

thereis littlechancethatmass producedsolarcollectorscould substantially

lowertotalinstalledcosts. Secend,the cost of qualitysolar equipmentover

the last severalyearshas been increasingat a fasterpace than generalcon-

structioncostsor the cost of living. Althoughthereare many factorsat work,

we believethe key ones tc be (a) inclusionof warrantyand call-backcosts, [b)

designchangesthat ha~reincreasedreliabilitysignificantly,(c) increasein

the costsof cCJpper,aluminum,and othermaterials,and (d) inclusionof profits

that were deletedearlierfor advertisingand marketpenetrationpu~oses.

Third,the overallperformanceof most systemsis not likelyto equaladver-

tisedclaimsor computersimulationresults. As this beginsto be accounted

for in systemsizing,more collectorarea for a given solarfractionwill be

necessary. Fourth,durabilityand reliabilityof solarsystemsfor 20 or 30

yearswill not be a trivialtask. As more is learnedabout the operationand

subsequentperformanceof collectorsover time,adjustmentswill likelybe made

that lead to highercosts.

The abovereasons,in concertwith othersnot mentioned,lead us to believe

that the cost estimatesempl,yedin this studyfor assumedlarge-scale(cer-

tainlymore than today)productionand installationof solar systemsare valid

givenpresentdesignsand installationpractices. It is furtherbelieved

that thesecostsare and will remainapplicablefor the periodof analysisused

in this study--l978to 1985,



TABLE Al

STANDARDAIR SYSTEM PARAMETERS+

SolarCollectors.—

Numberof glazings
Glass transmissivity(atnormal
incidence-solarwave length)

Glass absorptance(longwave lengths)
Glassemittance
Back insulationU-value
Heat capacity
Air flow rate
Heat transfereffectivenessof collector
Tilt
Orientation

CollectorAir Ducts

Heat loss coefficient
(toambient)

ThermalStorage

Heat capacity
Heat losscoefficient

(i.e.,assumingall heat is lost
to heatedspace)

Dimensionlessrock-bedheat transfer
length~

Heat DistributionSystem

Air flow rate

1
0.86 (6% absorption

8% reflection)
0.98
0.89
0.083 BTU/hr-°Fzft~
0.5 BTU/°F=ft4.
2 CFM/ftL L
4 BTU/hr~oF-ft~
Latitude+ 10 degr~es
Due south

0,1 BTU/hr-eF-ft2c

15 BTU/°F-ft~
o BT1l/°F-hr-ft~

10

7.. CFM/ft~

Controls

Buildingmaintainedat 68°F
Collectorson when advantageous

—

‘Valuesare normalizedto one squarefoot of collector(ft~).

5The rock-bedlength (distancein the directionof flow)is greaterthan S times
the relaxationlengthfor heat transfer(15was used in the model), Physically
thismea:lsthat the bed is at least 12 timesas longas the rock diameter. It
is importantto note that the flow directionis reversedin the rock bed, being
in one directionduring the !:hargingperiodand In the oppcsitedirect~on
duringDischarging.



TABLE A2

STANDARDLIQUIDSYSTEMPARAJIETERS~

SolarCollectors

Numberof glazings
Glass transmissivity

(atnormalincidence)
Surfaceabsorptance(solar)
Surfaceemittance(IR)
Back insulationU-value
Coolantflowrate
Heat capacity
Heat transfercoefficientto liquid
coolant

Tilt (fromhorizontal)
Orientation

CollectorPlumbing

!-ieatloss coefficient
(toambient)

Heat Exchan~er

Heat transfereffectiveness

ThermalStorage

Heat ca~acity
tieatloss coefficient

(i.e.,assumingall heat loss
is to heatedspace--thisis not
idealsinceheat lost to the
spacein summeris not usable)

Heat DistributionSystem

Designair distribution
temperatures

1
0.86 (6% absorption,

8% reflection)
0.98
0.89
0.083 BTU/hr-°F-ft2
20 5BTU/hr-°F-ftc
1 BTU/°F-ft2
30 BTU/”F-ft~

Latitude+ 10 degrees
Due south

0.04 BTU/hr-°F-ft~

10 BT!!/°F-hr-ft2
c

15 BTU/°F-ft~
0.s (1.8gallonsH20/ft2

collector)

120”F

‘Thevaluesare normalizedto one squarefootof collector(ft~).

5The coil and air circulationare sized tu meet the buildingload
with an outsidetemperatureof -2°F with 133°Fwater and an air
flow rate adequateto make up the s~~reheat lossesat an air dis-
chargetemperatureof 120°F. This correspondsto a finned-tcbecoil
effectivenessof 80%.

*
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Heating Degree

Days

Collector .Area

50% Solar

(Ft2j

Collector-
Independent
cost5

Collector-
Dependent
costs

To~~l

system
costs

Albuquerque
New Mexico

4348

236

$2250

$3186

$5435

TABLEA3

SOLARSYSTEMCOST COMPARISONS
(ResidentialSpaceHeating)

RepresentativeSites

Madison Seattle East Wareham Charleston
Wisconsin Washington Massachusetts SouthCarolina

7863 4424 5891 2033

532 408 457 183

$2250 $2250 $2250 $2250

$7182 $5508 $6170 $2471

$9432 $775s $8420 $4721

,



CollectorArea
85%2SGlar
(Ft )

Collector-
Independent
costs

Collector-
Dependent
costs

rotal

System
costs

TABLEA4

SOLAISSYSTEMCOST COMPARISONS
(DomesticliotWater)

RepresentativeSites

Albuquerque Madison Seattle East Wareham Charleston
hew Mexico Wisconsin Washington Massachusetts SouthCarolina

—. —

58 95 122 106 78

350

$964

$1314

350

$1564

$1914

350

$2018

$~3(58

350

$1747

$2097

350

$1283

$1633
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APPENDIXB

ECONOMICFEASIBILI~ METHODOLOGY+

OptimalSizingand FeasibilityWithoutIncentives

We definethe relevantvariablesas follows:

r = the real rate of interestS

w = variablecostsassociatedwith each squarefoot of collector
[collectorplus storage)

FC =.fixedcosts (collectorindependent)

6 BTU (adjustedfor furnacePt = cost of backupheat per 10
and waterheaterefficiency)

A = collectorarea in squarefeet

F = fractionof spacewaterheatingrequirementsto be
providedby solarenergy

LOAD = 106 B~s requiredper year

t = year

T = systemlife (20or 30 years)

CR

OP

= capitalrecoveryfactor=

& (:T = 1-(;)’=

= operationand maintenanceexpendituresexpressedas a percent
of totalcapitalinvestment

From the LASLprogram,11we know the relationshipbetweencollectorarea and

the fractionof solarheat provided,A(F). One would like to size a solarsys-

tem so that the presentdiscountedvalue of total life cycle costs (including

initialcosts,back-upfuel costs,and operationand maintenancecharges)are

t This appendixis based in part on materialdevelopedfor and presentedin “The
Economicsof Solar~iomeHeating,”preparedby the same authorsfor :heJoint
EconomicCommitteeof Congress(JEC)in March 1977.

5Use of the rl:alinterestrate as opposedto the nominalrate eliminatesthe need
to forecast_!.nflationaryinfluencesand associatedprice adjustmen!,s.

IISee AppendixA for a brief descriptionof the performanceparametersused by the
LASLprogramto determinethe relationshipbetweencollectorarea :lndfraction
of solarheatprovided.



minimized. Therefore,one shouldminimize

T

VC ● A(F)+FC+ q )
t=o * ‘ “

● LOAD 9
“-F’ + i(+)’ 0’”ic”A’F’+Fc‘1)

t
with respectto the fraction(F)of solarheat provided. This cost minir.iza-

tion impliesthat

T
It

T

x( )
1’

Vc “ (dA/dF)-
t=o= ‘t

● LOAD + VC “ (dA/dF)”OP”x( )E = o, (2)
t=o

which is the derivativeof (1)with respectto F set equalto zero. Factorin~

and rearrangingterms (2) can be restatedas

L

Dividingboth sidesof (3)by the ?erm Z( )
‘=0 At

and notingthat

T

()

t

l/~. + = CR, equation(3),with additionalmanipulation,reducesto
=

T
VCQdA

x( )

t

LOAD dF
●[CR+ OP]= CR* ~ Pt.

t=o 1+=

If the fixedchargerate (FCR)is defin~das FCR9 ❑ CR + OP and the annualized

price (~)of the conventionalenergysourceis definedas

(3)

(4)

t We ignorethe installationcost of the backupheatingsystem
ternis requiredwith or withoutsolarheatingand so cancels
comparisons.

becausesuch a sys-
out in makingcost

5CR can be expandedinto the notionof FCR, fixedchargerate, relativelyeasily
by includingthe O ~ !1,taxes,etc. Here we will includeonly O G M becauseof
the majorityof other factorsare eithergenerallyquite transparentto or not
applicablefor the averagehomeowner. By addingO 6 M expenses(symbolOP), a
per cent of totalcapitalexpenditures,we will defineour FCR as CR + OP. For
simplicitywe have ignoredoperatingcostsin the derivationabove.



T t
F= ()CRX.& Pt ,

=

the conditionfor optimalsizingbecomes

[1VCWCMmmF9FcR=F” (5)

Equation(5)impliesthat the solar systemwill be optimallysizedwhen the mar-

ginalcostof,obtainingthe incrementalunit increasein the annualsolar frac-

tion (byincreasingthe collectorarea) is just equal to the annualizedequiva-

lentof the conventionalenergyprice.

.05and 1.0 in .05 incrementsfrom the

changein A (AA)for the corresponding

The Ars are known for valuesof F between

LASL simulation. We can calculatethe

changein F where AF = .05. Thus, the

optimumvalue of F and consequentlythe optimalcollectorarea is determined

where:

[1VC*IMLOAD~05 “ ‘CR =
F (6)

Feasibility,however,is not insuredby this process. Rather,given an

annualizedprice of energy,~oilectorarea will be optimallysized. To check

for feasibilityone must computethe optimumpercentageof spaceor water

heatingrequirementsto be met by solarenergy (fractionof solarheat provided,

F*) and the associatedcollectorarea (A*)and using that percentage,calculate

the averageannualizedcost of deliveredheat (~h).

The averageannualizedcost of deliveredheat is determinedby simply

summingthe totalamualized cost of the optimallysizedsolar systemwith the

annualizedcost of auxiliaryenergyand dividingthis sum by the total BTU

heatingloadof the home.

~ . [VC”A*+ FC] ● FCR + ~ ● LOAD s (1-F’)
h

.—
LOAD

(7)

or

‘h= ~ “‘*+ ‘(l-F*)
(8)

which can be interpretedas the weightedsum of the averageannualizedcost of

the solarsystemalone (~s, the bracketedtemn in equation8) and the annualized



cost of the conventionalback-upfuel (~). Thus,

(9)

whereF* and (1-F*;serveas the weightson the solar and conventionalcosts,

respectively.If this annualizedcost of deliveredenergyis less than or equal

to the annualizedcost of back-upheat (~hs ~), then the percentageof space

or waterheatingrequirementsto be met by solarenergydeterminedabove is

correct,and thereforesolarenergyfor residentialspaceheatingand/ordomestic

hot water is feasible. If, however,the annualizedcost of back-upheat is less

than the annualizedcost of deliveredenergywith solarthen the solarenergy

systemis not feasibleand we set the solar fractionequalto zero. Note that

if we are interestedin currentcost comparisons,the currentprice of alterna-

tiveenergycan be substitutedfor ~.

As F increasesfrom .05 to 1.0 for each site,A increasesat an increasing

rate,makingAA a monotonicallyincreasingfunction. This means that total

variablecost (VCDA)is also increasingmonotonically,whereasFC by definition

is constant. We obtaintraditionalcost curvesas depictedin FigureBl, where

MCs and ACs representthe annualizedcost in 106 BTUS of a specificsolarsystem.

It is importantto note,however,that the annualizedcost of deliveredenergy

(~h)is what determinesfeasj’~ility,not ~s wnich is the averageannualizedcost

of solarenergywithoutregardto back-upfuel costs. Rememberthat ~h is given

by the weightedaveragesum formula(9),ar again

whereF* is the optimallydeterminedsolarfraction. Thus,as ~, the annualized

priceof back-upenergy,increasesfrom $5.00/106BTU to $9.00/106BTU, the

Shdpeof the ~h curvechangesas shownin FigureBl, whereas~s remainsfixed

regardlessof the value of F. When F just equalsthe minimumvalue on ~ ?hes’
minimumof ~ exactlycoincides.

h In the figurethjs occurswhen ~ = $7.50/106

BTU. For any valueof ~below $7.50,the averageannualizedcost of delivered

heat with solarwill be greaterthan the annualizedprice of back-upenergy

(Fh> ~), SO it wouldbe uneconomicalto investin a solarenergysystem. How-

ever,as ~ risesabove $7.50,not only is feasibilityobtained(~h < ~) but the

optimalsystemsize increases. Thus, the systemshouldbe sized to provideap-

proximately43% solarwhen ~= $7.50and 52% when ~= $9.00,



OptimalSizingwith Incentives

The aboveprocesswould ensurean optimallysizedsystemif no incentives

existed. However,once the proposedincome tax creditsare takeninto account,

the economicsof the solarsystemchangesbecausethey eft”ectivelyinvolvea

reductionin both the averageand marginalcostsof the system. This implies

that for an unchangedvalueof ~, it wouldbe worthwhileto increasethe ccllec-

tor area and solarfractionbeyondthe optimalsize determinedwithoutincen-

tives. A simpleexampleshouldillustratethis

able incometax creditcan be appliedto 20% of

t The problemthencastwithout‘anupper limit.

cyclecosts [afterequation(1]]

T

point. Supposethat a refund-

the total initialsolarsystem

becomes,minimizetotal life

,“
L 1

[VC*A(F)+FC][l-.2O+ x( )
t=os~ t

PtoLOAD(l-F)+ x( )
t=o + ‘ ‘p

. [VCOA(F)OFC]c [1-.2!)] (la)

with respectto the solar fraction(F), ~is yieldsan optimalitycondition

givenby,

.8[1
Vc“CM
LOAD~dF “ ‘CR = ‘“

(5a)

Upon inspectionof equations(5a)and (5),one cai~see that the marginalcost

of the solarsystemwith the incentiveis 80% of the marginalcost withoutsuch

8n incentive. The only way to satisfythe ccnditiongivenby (5a)is to in-

crease~above its optimalvalue as givenby (5);and such an increase cal, only

t
This simplifies the actual structure of the incentives which in the HoLIse of
Representatives version, for example, are 30°J on the first $2000 and 20’%on
the next $8,500 for a maximumcredit of $2,150 on a $10,000 system; any system
cost above $10,000 does not benefit from additional incentives. The example
above is structuredfor illustrative purposes.



be obtainedby sizing the system to meet a higher

shown in Figure B2 where the marginal cost curves

the incentive.

t
solar fraction. This is

are depictedwith and without

FigureB2 showsthat the marginalcost with incentives(MCw)is less than

the marginalcost withoutincent~.ves(MCW,o) for any givensolar fractionF,

Sincethe annualizedprice of backup energy (~) is not affected by the incen-

tives, ~ is depicted as a horizontal line. Sizing the system at the old frac-

tion F~,. under the incentivenlan would implythat MCW (as givenby point X)

is lessthan~ which is lCSS than optimal. One would therefore size the system

to provide a solar fractio]] Fw at which point MCW= ~, and “.ife cycle costs are

at a minimum. The average cost of providing this newly optimized solar fraction

is also lower than would be the case without incentives. This implies that

economic feasibility is obtained at a lower value of ~, which with rising energy

prices, corresponds to an earlier point in time,

‘dA
— can be defined as the inverse of the marginal product of collector area
dF

(MPA), i.e., ~= & where MPA indicates the increase in solar fraction (dF)
1 d (MPA)

due to an incremental increase in collt?ctor area (clA). Since ~ < 0, the

marginal product of collector area becomes smaller as the solar fraction is

increased. This implies ~ will only increase if F increases.


